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Our illustration shows the fastest boat in Huropean 

waters—the Parsons experimental boat Turbinia—ex- 

hibiting her paces to a humber of experts, who were 

stationed on the boat from which the photograph 

NEW YORK, JANUARY, 1899. No. J 

ers will recollect the description of this boat pub- 

lished in previous issues. She is 100 ft. long, 9 ft. 

beam and displaces 441-2 tons, and the ‘“go-ahead” 

turbines develop 2,100 I. H. P. Many exaggerated 

statements regarding the speed of this boat have ap- 

peared in print, but the official speed, and that 

claimed by the inventor, the Hon. Charles Algernon 

PARSONS’ 100-FT, EXPERIMENTAL BOAT TURBINIA STEAMING ‘‘FULL SPEED AHEAD.” 

(Photo. by West, Southsea.) 

here reproduced was taken. The boat was running 

at her maximum speed, and though the photograph 

was of necessity made with the briefest exposure the 

details are wonderfully distinct. Our regular read- 

Parsons, is 32.75 knots. The Parsons Marine Steam 

Turbine Co. has now a large works at Wallsend-on- 

Tyne, England, and has already booked orders for 

destroyers of the highest speed. 

Copyright, 1899, by Marine Publishing Co , New York. 
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FRAGNENfFARY REMARKS ON THE WATER- 
TUBE BOILER IN MARINE WORK. 

BY WILLIAM BURLINGHAM, 

In full-powered vessels the use of the water-tube 

boiler in this country has been extremely limited. 

There are many builders of water-tube boilers here. 

and in yachts, river craft and small vessels of vari- 

ous types, their boilers, chiefly of the small tube 

variety, have been extensively installed. Many manu- 

facturers make excessive claims which are not made 

good in practical every day use; and faulty design, 

and the inexperience and prejudice of engineers and 

firemen have contributed greatly to the slowness 

with which the water-tube boiler has been taken up. 

This type of steam generator has suffered from the 

disadvantage also, from its birth, of direct comparison 

with the Scotch boiler, which in its present form is 

the result of slow evolution from crude beginnings. 

Three examples of the largest water-tube boiler 

installations in this country are those of the steam- 

ships Northwest and Northland on the Great Lakes 

and the La Grande Duchesse on the Atlantic coast. 

The two first named are fitted with Belleville boilers 

and the latter was fitted with Babcock and Wilcox 

boilers. Considerable difficulty was experienced in 

the working of the boilers of the Northwest and 

Northland, and in the case of the La Grande Duchesse 

her water-tube boilers were removed after about a 

year’s trial and replaced with Scotch boilers fitted 

with Hillis & Eaves induced draft. 

To get the utmost efficiency from a water-tube 

boiler installation the entire machinery outfit must be 

designed for a high pressure. T’o use an engine, for 

example, that could be as readily furnished with 

steam by a Scotch boiler means that one-half of the 

plant is so heavy that little is gained in the direction 

of saving of weight, and one of the greatest ad- 

vantages to be derived from the use of the water-tube 

boiler is thus neutralized. A type of engine follow- 

ing the designs now universally used in naval vessels 

appears to be the most suitable. Two principal 

sources of trouble, so far as the main engines are 

concerned, accompany the use of high pressure 

steam. They are: first, the actual increased pressures, 

and, second, the greater temperatures occasioned. As 

to the first, we are not yet near the point where the 

resulting stresses are too great for the present ma- 

terials of construction, and so we can provide by 

suitable design for all the effects which result from 

the statical pressure of the steain. 

The second source of trouble, temperature, is 

lessened by the fact that its rate of increase is rapidly 

diminished as the pressure is increased, as for in- 

stance the same increment of temperature, 38.1 de- 

grees, that causes the pressure to rise from 90 Ibs. 

to 150 lbs. is sufficient to cause an increase of pressure 

from 210 to 320 lbs., and we have several steamers 

working satisfactorily at 200 Ibs. 

Superior design has provided for efficient pipe joints 

and gland packings. The pipe joints of the British 

cruisers Powerful and Terrible have proven excellent, 

and are made by the insertion of a ring of copper 

wire between the two steel or composition flanges, the 
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setting up of the bolts, slightly flattening this wire, 

produces a permanent joint, This joint is also used 

for the bottom of the cylinder liners. 

The Engineer-in-Chief of the British Navy has made 

a series of careful experiments as regards the strength 

of various materials and alloy when subject to 

high temperatures; in many cases 1,300 deg. Fah. 

was reached. The general results are summed up 

thus: : 

The ultimate strength of gun metal, copper, naval 

brass and manganese bronze is reduced; for mild 

steel, it may safely be assumed that up to 800 deg.. 

Fah. there is no loss of strength. At a temperature 

of 400 deg. the loss, in Government composition (88 

copper, 10 tin, 2 zinc) is from 10 to 15 per cent. Lead 

will make such alloys very unreliable. At the same 

temperature the losses sustained by other metals are: 

Naval brass, 5 per cent; manganese bronze, 8 per 

cent; copper (ordinary), 7 per cent; copper (com- 

pressed), 11 per cent. For mild steel, some Ports- 

mouth experiments gave 7 per cent. At 400 deg. the 

principal loss is sustained by composition, but the re- 

duction does not exceed 2 tons out of an original 14 

tons. 

Under normal conditions, the temperature of the 

machinery and boilers will not exceed the tempera- 

ture of the steam in the water-tube boiler, and as this 

is raised but 35 deg. or so, in going from 200 to 300 

Ibs. pressure, we need have no feeling of doubt as to 

the strength of our materials. 

The two principal reasons for the use of the water- 

tube boiler in the merchanat marine are: first, the 

immense saving in weight, and, second, the increase 

in economy by the use of high pressure steam. 

As to the question of economy, probably the experi- 

ments of the British Admiralty committee are the 

most exhaustive, embodying, as they do, the results 

of over 500 trials of ninety-five ships. The trials were 

all over twelve hours’ duration, under ordinary ser- 

vice conditions, in all parts of the world and with 

coal of ordinary quality. These trials have shown 

that about 90 per cent of the theoretical gain due to 

the use of increased pressures has been realized in 

practice, and we are, thereby, safe in assuming that 

an increased gain will be realized at the higher pres- 

sures of water-tube boilers. Briefly, 8 per cent was 

gained by the use of steam of 150 Ibs. pressure, and 

a gain of 12 1-2 per cent is expected from a pressure 

of 250 lbs. 

Although in many ways defective, the water-tube 

boiler as it now exists is steadily coming into favor, 

and will no doubt in time supplant the Scotch type 

for all services. The new battleships and monitors 

for the Navy will probably be equipped with water- 

tube boilers of the large tube type. Already the small 

tube type of boiler has been extensively used in tor- 

pedo vessels here. The Thornycroft has been the 

favorite type with our builders for this work and a 

brief sketch of the changes that have taken place in 

‘its design during the past few years may be of in- 

terest. This type will probably be used on the major- 

ity of the torpedo boats and destroyers building under 

the last Congressional appropriation. : 

Fig. 1 shows the original commercial type of the 
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Thornycroft boiler as used in the British torpedo 

boat Speedy and her class. This is also used on the 

United States boats Cushing, Hricsson, Davis, Fox, 

Mackenzie and MclIxee. 

In 1893 it was fitted on the Speedy and from her 

trials the I. H. P. per ton of boilers and water was 

found to be 52.8. Since 1894 she has been employed 

in actual service with the Channel Squadron and 

excellent reports have been received of her behavior, 

although the tubes are gradually corroding and will 

have a life of about 4 1-2 to 5 years. This is less than 

we credit tubes with, but in the face of the British 

experience it is not safe to assume that they will last 

longer. 

These boilers cannot be worked at a high rate of 

power with much salt in the feed water, a feature 

common to all small tube water-tube boilers, and spe- 

cial care is therefore necessary that all the joints of 

the feed water system exposed to salt water are well 

packed. 

The chief objections to the “Speedy” type of boiler 

consisted in the length necessary to allow for the 

return of the downcast pipes, the small height of the 

furnace, and the inaccessibility of the tubes. Subse- 

quently a new model was constructed for the “Dar- 

ing” type of British destroyer and took its name from 

that boat. v 

These were of less weight comparatively, haa 

greatly improved furnaces, and the tubes were much 

more accessible. The grate area, considering the 

available space and the heating surface, was in- 

creased enormously. Fig. 2 shows the type which is 

also used in the U. S. destroyers Farragut, String- 

ham, and Goldsborough. 

An improved ‘‘Daring’’ type now called for on our 

latest torpedo boats is shown in Fig. 3. In this type 

the side water drums are made 18 in. dia. instead of 

7 1-2 in. as in the original “Daring” class. This is 

Supposed to allow of easier access for expanding and 

plugging the tubes. It is an open question, however, 
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to do any work, it would seem better to invent a tube 

expander and plugger that would do the work per- 

fectly than to lose this yaluable grate area. 

HCCC TTT TT 

Fig. 1.—‘‘spEEDY”’ TYPE. 

After the Thornycroft, the boiler of the small tube 

type with which the British have had the most ex- 

DIMENSIONS, ETC,, THORNYCROFT ‘‘SPEEDY’’ BOILERS. 

Dimensions; Over Casings: Tube Grate Weight with vo Praaaun Steam 
Total : Surface, Area, Water to aus =~ ure | Pressure 
I H.P. | Square Square Working Level, Stoke Hold on 

Length. Height. Width. Feet, Feet. Tons. (| 2zial: 

39 a iid | 31% in. 48 in. 139 3.3 0.7 Chimney blast 145 
46.7 5434 in. 62 in. 55 in. 460 6.0 2,21 0.38 130 
58 601% in 96 in. 70% in 586 12.0 3.78 Chimney blast 500 

189 > G3 iia, 1 ~ 3b 57 in. 774 8.5 4.3 2.16 145 
194 69) sin’ 73 in. 56 in. T77 8.5 3.28 3.10 150 
250 61 in | 8014 in. 774 in 776 11.4 4.3 2.33 140 
300 74 in 9034 in. 87 in. 1066 18.0 C.0 po00 20¢ 
384 GS ith, | 79)" in: 80 in 937 13.0 4,53 3.41 250 
400 82 in. 8t in. 66 in. 930 16.0 3.0 2.5 150 
450 3 stn | 9814 in. S$ ft.10%in. | 1640 32.0 8.0 die A186 
588 8ft.8 in. G)ith, 7 ihe, 8ft. 0 in. 2144 25.5 11.22 Lows 194 
650 7ft.5 in. 8ft.11 in. 9ft. 7 in. 2175 30.0 9.805 1.6 NA 
825 SUL Uar 2 eel 2) mee | OPC Ueen OT): Osi, Ge ihn, 2418 37.75 11,01 4.0 149 
850 OitoO x || Bid, Oia, 9 ft. 9 int 2360 39.0 13.75 2.5 250 
930 Sih sb, || Otto i sta, 9ft. 4 in. 2398 37.75 11,665 2.37 217 

1242 Sift. 2) int | 9 ft. G6) ine 9ft. 0 in. 2583 36.8 13.565 2.5 205 
1496 9ft.644in. | 10ft. 24%in. | 13 fc. 3 in. 3095 63.0 15.66 2.75 209 
1548 1OMt Gein, || 10ft: 6) yin: 13ft. 0 in. 2964 63.0 16.79 3.15 204 
1867 11 ft. 634 in. | 10 ft. Sin. | 12 ft. 11% in. 4020 65.3 18.63 3.5 211 

whether this compensates for the loss of grate area in 

the boiler. As a special tube expander must be used 

in either case, an 18 in. hole being too small for a mat 

tensive experience is the Normand, controlled in 

Great Britain by Laird Bros. and J. & G. Thompson. 

This type has given satisfaction in all cases where 
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steel tubes have been used, and is shown in Vig. 4. 

In the U. S. Navy the torpedo boats Porter, Dupont, 

Dahlgren, T. A. M. Craven, Morris and Gwin are 

fitted with these boilers. 

Of the American small tube boilers, the Mosher is 

used in the torpedo boats Foote, Rogers, Winslow 

and Rowan, and the Seabury in the destroyer Bailey. 

The Ward type of boiler is used on the monitor 

Monterey, and in practically all the steam launches 

of our Navy. - 

A word or two as to the material of the tubes: In 

the English boat Lynx, fitted with four Normand 

boilers, a defective steel tube split, and the feed pump 

being common to two boilers, the effort of the water — 
tender to keep up the water level of the split tube 

boiler, gave it all the water, the feed valves being 

wide open and the pressure low; consequently the 

water became so low in the other ‘boiler that the 

tubes were overheated, reaching about 700 deg. Fah. 

The split tube boiler was then shut off and the water 

pumped into the overheated boiler; the upper part 

of this boiler then leaked considerably, but the tubes 

were little distorted, and the only repairs necessary 

were re-expanding throughout the upper joints of the 

tubes. 

SS See SS : A. more recent case occurred on the British boat 

Hardy, fitted with a Thornycroft boiler. The water 

in this boiler being allowed to get very low, caused 

overheating of the tubes, eventually blowing one 

out of the steam drum. After plugging up this par- 

ticular tube, the boiler needed no further repairs, the 

distortion of the tubes being insignificant. From an 

examination of these tubes the water level was shown 

to have fallen to such an extent that if it had oe 

curred in an ordinary Scotch boiler it would have as- 

suredly caused the dropping of the crownsheets and 

furnaces. 

In many of the original British destroyers the 

boiler tubes were of copper. The great trouble with 

these was that they would split or bend and the tubes 

near the fire would warp out of shape. Examina- 

tion showed the burned and deteriorated character 

of the metal and its unsuitability for such conditions. 

As the split tubes were found to be next the fire, four 

rows of solid drawn steel tubes were substituted, and 

on service this worked all right for a time, but when 

the copper tubes became dirty, more or less trouble 

was experienced with them, and eventually all the 

tubes were made of solid drawn steel. Our own gun- 

boat the Nashville has copper tubes in Yarrow boil- 

ers, and these are giving the same trouble that the 

English experienced; they will shortly be taken out 

and solid drawn steel tubes substituted. 

“se Fic. 3.—IMPROVED ‘‘ DARING’ TYPE. 

Two or three cases of splitting have occurred with 

these steel tubes, but all have been traced to original 

defects of the material. 

The tests of the Admiralty as given by Mr. Oram, 

Senior Hngineering Inspector of the British Navy, 

ae are as follows: Each tube is tested to 1,500 Ibs. per 

TTT DUT UATATT TTT ETM 4 sq. in. by water pressure, and various expanding and 

flattening tests are applied to a certain percentage 

{ of them, to show their ductility and other working 

1a 
YA 
VA 
4 
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Z 
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Fig. 4.—NORMAND WATER-TUBE BOILER. 

The United States Navy specifications for tubes 

are very Similar. The tubes are first inspected for 

surface defects, etc., tested for gauge and then from 

every lot of 100, four tubes are taken at random, and 

subjected to the following teses: 

(1) The open end of one tube, after annealing, is 

FI Hl IH if i it / i na u : H| i i 1H | i I ta 

_flattened by hammering until the sides are parallel, 

the inside radius of the corners of the tube being 

equal to twice its thickness. : 

(2) A piece, one inch long, after annealing must 

stand crushing, in the direction of its axis, under a 

hammer, until shortened to 1-2 in. 

Fig. 5.—NICLAUSSE WATER-TUBE BOILER. 
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(8) The open end of one piece, cold after annealing, ~ 

shall have a smooth taper pin, taper 1-2 in. to the foot, 

driven into it, until the end of the piece stretches to 

1 1-8 times the original diameter. 

(4) The open end of one piece, heated to a bright 

cherry red in daylight, shall have a smooth taper pin, 

1 1-2 in. taper to the foot, heated to a dull red heat 

in daylight, driven into it, until it stretches to 1 1-8 

times its original diameter. 

Hach tube will be accepted, up to 8 per cent above 

the standard weight for the gauge ordered. Hach 

DIMENSIONS, ETC., NORMAN 
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.07 in. thick, was partly filled with water, the ends 

closed and the tube inclined at an angle of 20 degs. 

to the horizontal. On being heated by a blast, the 

pressure rapidly rose to about 2,000 lbs., the tube 

bursting 6 1-2 minutes after the pressure first ap- 

peared on the gauge. The entire portion that had 

‘been subjected to the heat was found to have been 

split open and practically flattened. This pressure 

would correspond to a stress of about 6 1-2 tons per 

sq. in. and a temperature of steam of about 640 degs. 

A similar experiment was made with a new steel 

D WATER-PUBE BOILERS, 

Long and Low Type | Short and-High Type | Long and Low Type | Short and High 'I'y pe 

engthiover alleys se eee eee eee ne 1ohhteeleine 11ft. 8in. 163395, S500, LLC Cink 
Heizhtiovernsall easement Kk Salt Se ten 10 ft. 6in, 11 ft. 10in, Mitt yshins 12 ft. Sin, 
Wiidthiover (alli s ose paleae ae eae ae aera 9 ft. Gin. Oifithopin. 1L-tt. 2in, 11 ft. 0 in, 
Tubular heating surface, . 1,830 sq. ft. 1,830 sq. ft. 2,360 sq. ft. 2,360 sq. ft. 
Grate surface 38 sq. ft. 38 sq. ft. 45 sq. ft. 45 sq. ft. 
Pressure, 200 lbs. 200 Ibs. 200 lbs. 200 Ibs. 
Approximate weight without water for light 
steamers, torpedu boats, etc. ...........000. 23,408 Ibs. 22.960 lbs, 27,236 lbs. 26,900 lbs, 

Ditto for larger steamers, cruisers, etc..... . 25 520 lbs, 25.322 lbs. 29,934 Ibs. 29,54~ Ibs, 
Wreightiofiwatens So yec eee 5,892 Heb | 5.488 Aes 6,832 Hee 6,385 HS 

soht 7 C light steamers... 29.300 Ibs. 28,448 Ibs. 34.068 Ibs. 33.285 lbs. 
Total weight in each cave |) fer steamers, 31.422 Ibs. 30/810 Ibs. 36.766 Ibs. 35,933 Ibs. 

tube must be subjected to 1,000 lbs. internal hydro- 

static pressure. 

These tests must be passed by the tubes without 

showing cracks, flaws or weakness. 

It is the English practice, to galvanize all tubes 

externally, with a view of preventing external cor- 

rosion, and this process brings out defects that are 

! 
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tube, 1 1-4 in. dia. and .104 in. thick, which had been 

formed into a spiral 6 in. dia. This tube was one-half 

filed with water and burst at 4,788 pounds per sq. 

in. It was flattened out locally, but not nearly so 

extensively as in the case of the first one. The stress 

per square inch was about 12 3-4 tons, and the steam 

temperature 800 degs. 

Fic. 6.—b’ALLEST WATER-TUBE BOILER. 

not revealed in ordinary examination. The tubes are 

first pickled in weak acid, removing all scale, then a 

coating of 1 1-2 oz. of zinc per square foot is added. 

Experiments of the English Admiralty, as given by 

Mr. Oram, regarding the steam pressure necessary 

to burst sound tubes, are of interest in this connec- 

tion. 

A copper boiler tube, 1 in. external diameter and 

The experiments show that sound tubes require a 

considerable pressure to burst them, and while steel 

tubes do not suffer materially, there is no doubt 

but that copper tubes get sufficiently hot. to lose their 

strength. 

Of the large tube type of water tube boiler there 

is but little data in this country to guide us in the 

choice of a suitable type. 
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This has given rise to a great variety of opinion 

about the merits of this type of boiler, with refer- 

ence especially to the equipment of the new battle. 

ships and monitors. 

The Belleville is the boiler that is extensively used 

in the British Navy, and is fitted in the cruisers 

Powerful and Terrible. A later type of the same 

boiler has been installed in the “Diadem” and the 

boats now under construction. The later type is the 

one fitted with the economizer above the usual ele- 

ments thus forming a combustion chamber above the 

water tubes for thoroughly mixing the 

gases before they impinge on the tubes 

of the economizer. The Belleville 

boiler has been in use since 1886 in 

the Messageries Maritime, a prominent 

French line, and is apparently very 

satisfactory. A British officer was 

sent on a voyage in one of the com- 

pany’s boats to Australia and back, 

and his report was entirely favorable; 

so much so, in fact, that this, with the 

experience of Sir John Durston, was 

sufficient to insure their adoption in 

the British Navy. Our own reports of 

this type are not so favorable, and this, 

in conjunction with the fact that a 

number of auxiliaries have been found 

necessary for the successful working 

of this boiler, has delayed its adoption 

in this country. | 

It might be asked, had the Niclausse 

or Lagrafel D’Allest boilers been taken a 

AFTER LEAVING 

ECONOMISER 
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sent merely the horse power of the battleships and 

Navy | Belleville | Niclausse Lagrafel D’Allest 

Russiat...... 146,900 5,000 Unknown but small 
England..... 182,000 3,500 Unknown but small 
Erance...... 217,400 | 70,000 165,400 

cruisers, small vessels not having been taken into 

account. 

The Lagrafel D’Allest is probably the best of the 

attempts to secure a substitute for the Scotch boiler. 

This boiler is not quite so heavy as the Belleville, but 

the floor space occupied is greater for the same area 

a | are 
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up by the British and nursed as care- eae aN N Fy L 
fully as the Belleville, would they not a Fa al =saieral te ye 

have given as good or better results? uy > StL LIL : 

These boilers, in fact, will work with- Eg: ee] {q- 

out the assistance of any auxiliaries | 33| i 

other than the usual feed pump. 4 <6 | 7 ate 

The Niclausse boiler, Fig. 5, is used | | ees 
more extensively in France than else- = 

where, although Messrs. Humphreys, 

Tennant & Co. are installing a set in 

the British ship Seagull, and the 

Russians have several thousand horse 

power in use. The majority of the 

reports from the ships using them 

speak of the boiler as doing very satis- 

factorily. A well known American 

shipbuilder will probably use this type 

of boiler in one of the new battleships. 

The Lagrafel D’Allest _ boiler, 

Fig. 6, is almost entirely limited 

to the French Navy, and is 

a good second to the  Belle- 

ville, the D’Allest having over 

double the horse power in use that is credited to the 

Niclausse, a fact hardly realized in this country. A 

statement of the total horse power of these three 

boilers, as used in the navies of England, Russia and 

France, is shown in the next column. 

These figures are practically correct and show the 

preponderance of the Belleville type. They repre- 

\ SIMILAR BOILER HERE AT BACK OF OTHER SS 

~ 

ASH AND WATER TROUGH 

BELLEVILLE WATER-TUBE BOILER. 

of grate or heating surface; as, however, the D’Allest 

is much more capable of being forced than the Belle- 

ville, for the maximum power, the space occupied by 

the former is no greater than the latter. The cost 

of operating the D’Allest is less, and the amount of 

water it contains, although not so much as in the or- 

dinary Scotch boiler, is yet enough to do away with 
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an automatic feed regulator and its necessary compli- 

eations. ‘The Belleville, however, has the advantage 

of freedoim of the tubes for expansion, thus reducing 

the danger of leaks. The weight of the Niclausse 

and D’Allest is practically the same, for the same 

area of heating surface, but the Niclausse is not 

eapable of the high forcing of the D’Allest. The 

lower rows of tubes in the Niclausse are more liable 

to burn out than those in the D’Allest, the peculiar 

construction of the former boiler precluding the use 

of Serve tubes. Both of these boilers give dry steam 

at high pressures, a point of advantage that is lack- 

ing in the Belleville. The economy of the D’Allest is 

better than either of the other two, and much nearer 

the Scotch boiler. 

It seems extraordinary that we have no large-tube 

water tube boiler for marine use in this country that 

occupies the position in the eyes of the world that 

foreign (especially Irench) boilers do. here is a 

grand field open to the American who can furnish 

such a boiler, and there would seem thus to be a 

great opportunity for the competent engineeer to de- 

sign a steam generator that would fill the present 

requirements. Of the small-tube variety there are 

many American boilers on the market which are 

probably as good as any of the foreign ones of their 

classes. 

First Large Terchant Steamship Constructed in 

Japan—the Hitachi Maru. 

The passenger steamship Hitachi Maru recently 

launched at the Mitsu Bishi Dockyard, Nagasaki, 

marks a distinct advance in Japanese shipbuilding. 

This vessel, which was built for the Nippon Yusen 

IKkaisha (Japan Steamship Co.), is of the following di- 
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speed of 14 knots. 

100 A-1 (8 decks). 

Previous to the construction of this vessel the 

largest vessels built in Japan were the Hashidate, a 

steel coast defense ship of 4,278 tons displacement 

and 5,400 I. H. P., carrying 30 guns of various cali- 

bers, with a speed of 17 1-2 knots, andthe Akitsu- 

shima, a steel cruiser of 3,150 tons displacement and 

8,516 I. H. P., carrying 19 guns. The Hashidate is 

a sister ship to two vessels built in France and the 

Hitachi is a sister ship to two for the same com- 

pany built on the Clyde. 

As might have been expected, such a notable ad- 

yance was not achieved without encountering very 

great difficulties and incurring very considerable ex- ° 

pense. In the first place, the greatest difficulty was 

found in assembling a sufficient staff of platers and 

riveters, who were recruited from almost every dock- 

yard and boiler shop in the Kingdom, each gang be- 

ing fully persuaded that its own peculiar methods 

were not only the best, but the only ones that could 

posssibly be adopted. The result was, of course, a 

large amount of wasted time, spoiled material, and 

defective work which had to be done over again. 

Miles of riveting had to be cut out and made good, 

and acres of defective plating replaced. In the first 

instance, Lloyds, acting on the report of two local 

surveyors, refused to rate her, and the Nippon Yusen 

IXaisha refused to accept her. Ultimately, after the 

whole of the defective work had been removed and 

replaced, they were requested to send over the best 

man they could possibly spare to make a fresh and 

independent survey. In the expert's report, ad- 

dressed to Baron Iwasaki, president of the Mitsu 

Bishi Co., he said he found ‘the workmanship, in- 

Her classification at Lloyds is 

LAUNCHING OF THE FIRST LARGE MERCITANT STEAMER CONSTRUCTED AT NAGASAKI, JAPAN. 

mensions: Length, 462 ft.; beam, 49 ft. 2 in.; depth, 

83 ft. 6 in.; draught, 25 ft.; gross tonnage, 6,150 tons; 

displacement, 11,600 tons. She is built of steel, and is 

fitted with twin screws driven by triple-expansion 

engines of 3,500 horse power to give an estimated 

cluding the riveting, satisfactory and equal in quality 

and efficiency to that done in good shipbuilding es- 

tablishments in the United Kingdom.” 

Before undertaking the construction of the twin- 

serew vessel the Japanese company secured the 
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services of J. S. Clark, a naval architect, who was not 

only conversant with the best Scotch practice, but 

had also had considerable experience in surmounting 

the difficulties arising from half-trained labor and 

defective organization during some years profes- 

sional engagement under the Spanish Government. 

If the history of the new vessel from inception to 

launching could be written in full, it would afford a 

typical example of Japanese determination and inde- 

pendence, It would have been far cheaper and 

quicker to order the vessel complete and to enforce 

their authority and to insist that the rank and file 

should follow their directions implicitly; but they 

preferred to try their own experiments, and learn by 

experience cost what it might. Similar instances of 

this national trait may be continually observed. For- 

eigners in Japanese employment are becoming fewer 

in number each year, and the administrative powers 

intrusted to them are more and more curtailed. 

The illustration herewith shows the Hitachi Maru 

just as she was taking the water, and incidentally 

gives a very fair idea of the picturesque harbor of 

Nagasaki. 

The yard was laid out about 1860 by the Japanese 

Government under Dutch management, and was 

transferred-to its present owners in 1884, since which 

time it has been rapidly extended. Iron shipbuilding 

was commenced in 1889. The concern now has two 

granite dry docks, respectively 528 ft. and 371 ft. long 

by 99 ft. and 66 ft. wide, with 27 ft. 6 in. and 24 ft. 6 

in. over the sills at spring tide. There is also a 

patent slip with rails 750 ft. long and 380 ft. gauge 

and a lifting power of 1,200 tons, all of which are 

eontinuously occupied. The Hitachi Maru was 

launched without a hiteh. The company employs 

about 3,500 hands and has taken another contract for 

a 6,000 ton vessel for the same owners. JF or these 

very interesting particulars and the engraving we 

are indebted to our contemporary the Indian and 

Hastern Engineer of Calcutta. 

The Naval Board of Construction has recom- 

mended the sale of the old monitor Wyandotte. 

She is valued as worth about $7,000 as old iron. 

During the Spanish war she was in commission, 

manned by the Boston Naval Reserves. 

The battleship Wisconsin was launched from the 

Union Iron Works, November 25. <A delegation of 

visitors from Wisconsin was present and the vessel 

was christened by Miss Elizabeth Stephenson. This 

vessel is a sister ship to the Illinois and Alabama, 

both now under construction on the Atlantic coast. 

She is classed as a sea going coast line battleship, 

length, 368 ft. L. W. L.; extreme beam, 72 ft. 2 1-2 

in.; mean draught, 28 ft. 6 in.; displacement, 11,525 

tons. She will be propelled by twin screws, driven 

by vertical triple-expansion engines, and with 

10,000 I. H. P. is expected to attain a speed of 16 

knots. Her armament will include four 13-in. breech 
loading rifles; fourteen 6-in. rapid fire guns, and an 
extensive secondary battery, and also four long 
Whitehead torpedo tubes. The contract for her con- 
aaaree calls for her completion September 19, 
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DESCRIPTIONS OF THE STANDARD BOATS IN 

USE IN THE U. S. NAVY.* 
~ 

BY ARTHUR B. CASSIDY, U.S.N. 

The design of small boats for the Navy has been 

a problem which the naval constructors have been 

obliged to solve under circumstances somewhat 

similar to those affecting the designs of ships for 

the special purposes intended and under many con- 

flicting and limiting conditions. 

The necessities of special cases of boat design are 

illustrated by the dory of the New England fisher- 

man, a light, handy craft of good freeboard and 

great carrying capacity. The average ‘banker’ 

earries about a dozen dories, snugly nested by re- 

moval of the thwarts. Hach boat is handled by 

two men and will carry in a draught of 12 ins. from 

1,50u to 2,000 Ibs. 

The New Bedford whale-boat, famous for its speed, 

lightness and capacity, is an easy pulling boat with 

considerable sheer and sharp lines. The bow and 

stern are alike, so that the boat will work quickly 

in either direction, and there is considerable curya- 

ture in stem and stern post, so that it can be turned 

quickly by the boat steerer with his long steering 

oar and thus escape the fury of the whale. The boat 

is usually fitted with a small sail and center-board, 

earries a crew of seven or eight; five or six at the 

oars, a boat header and boat steerer, with all the 

necessary gear, harpoons, lances, tubs containing 

whale lines, ete. Hach whaler usually carries about 

two spare boats, and in her complement of boats has 

more than enough capacity to easily carry all of the 

crew. 

The surf boat is one with great sheer, full forward 

and after body, quick rise of keel forward and aft. 

A surf boat that has received great praise in the 

Navy is the Ranger boat, built at Mare Island, for 

use on the survey of the coast of Mexico and Central 

America. 

The racing cutter or barge, built sharp and light 

as possible, is intended for racing in smooth water. 

The light steam and naphtha launches, which are 

so popular along our coast in sheltered waters, are 

built as light as possible, and with their limited 

crew, serve their purpose admirably as pleasure craft 

in smooth water. 

In each of the cases cited, the boat fulfils its pur- 

pose, but would be comparatively worthless if its 

use was attempted in any other class than that for 

which it was intended. 

As in each of the above mentioned cases, so in the 

Navy, must the boats be designed for their specific 

purpose. They must be strong enough to stand rough 

usage in rough water. They must be stable under 

sail or oars, have great carrying capacity, and must 

be as light as is consistent with the necessary 

strength. The steam cutters must have the power 

and strength of construction to not only carry their 

own load of officers and men, ranging from sixty in 

the 40-ft. steam cutters to thirty-five in the 28-ft., 

*A paper read at the Sixth General Meeting of the Society of Naval 

Architects and Marine Engineers, in New York. 
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but must be able to tow all the other boats of the 

vessel, loaded to their capacity. 

As the usual space on naval vessels for the stowage 

of boats is limited, the number of boats that can be 

carried is also limited, so that in abandoning ship, 

when each man has his allotted place in a boat, there 

is not much spare room, as the boats, besides their 

human freight, must carry the requisite amount of 

provisions and water. Then, again, in landing 

parties, the men and equipments make a heavy load 

to carry, possibly through surf, to the shore, and 

with the banging upon the shore, require good, solid 

construction to stand the strain. 

It is impossible to make the boats, in all their de- 

tails, satisfactory to every one, but it is believed that 

the present types which have been adopted as the 

standard of the Navy more nearly fulfil all require- 

“ments and are more satisfactory to the majority of 

naval officers than any previous designs. These 

standard boats are not of an immediate growth, but 

are the result of experience of many years of actual 

service, and much time and thought by many men. 

An order was issued by the Department April 1, 

1870, relative to establishing uniformity in the size 

Marine Engineering 

SCALE OF FEET 

AFTER AND FORE BODY, 

of boats. The vessels were classified, and a tabie 

prepared by John Lenthall, then Chief Constructor of 

the Navy, giving the size of boats that should be 

earried by each vessel, and also establishing the 

proportion of breadth and depth to the length, rang- 

ing from .282 of the length for breadth, and .4 of 

breadth for depth in launches, to .21 of the length for 

breadth and .89 of breadth for depth in whale boats. 

While this classified the boats as far as principal 

dimensions were concerned, there was no limit to the 

form of the boats, and in many cases the desire of 

the commanding officers, to have their boats faster 

than the boats of some other vessel, led to the con- 

struction of some tender boats entirely unfitted for 

naval use. 

When it was determined by the present Chief 

Constructor to standardize the boats, the best boats 

in use were selected as the basis of the designs; the 

boats were studied for improvements, and the opinion 

of many officrs afloat was sought. 

One point upon which all were united was, that 

the boats should have more carrying capacity. The 

principal difference of opinion was on the question of 

Marie Engineering 

January, 1899. 

LINES Of THE 40 FT. STANDARD STEAM CUTTER OF THE UNITED S TATES NAVY. 
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12 MARINE ENGINEERING. 

under oars and sail. It must have strength to stand 

the strains of heavy weather, the rough usage which 

they sometimes receive when being hoisted and 

lowered, and must be able to stand considerable 

banging against the vessel, the wharf, or a float, and 

the shock of grounding on a beach, when landing 

with an expedition. The boats should have capacity 

Principal Dimensions and Weight of Standard Boats of the Untted States Navy. 

PRINCIPAL DIMENSIONS. WEIGHT. | 

| 
Tyre oF Roar. Depth* from mrt, i 

| Length Breadth top of gunwale Hull. B Sainthe 
] extreme. extreme. to lower edge 7 

of rabbet. Pounds. 

Steam cutters... see we 40-0" 9 8064 18642 
36-0" 8 7148 15719 
33-0" |. 5120 12768 
30-0" 8' 4'-2 4763 10631 
28-0" 7: 4'-of" 3692 8889 

TEAUNCHES c0000+ cocseceseseccons 33'-0” 9° 3i 8" 4359 6733 

30'-0" 8 3-5 2705 4769 
28'-0' 7 2'-§"" 2150 347" 

Cutters ... 30'-0" 8" 2-10" 2219 3384 
28'-0"" 7 2'-§" 1872 2808 
26-0" 6" 2'-6" 1585 2460 
24'-0" 6" 2'-6" 1100 1919 

30'-0" 6-11 2'-8" 1712 2767 

Whale-boats.... 30'-0"" 6-10" 2'-5"" 1670 2537 
29'-0" 6-8" 2'-5/" 1463 2474 
28'-o" 6-6" 2'-5"' 1388 2344 
24-0" 5-114" 2'-2$" 1050 1781 

Gig whale-boats............+ 30-0" 6-2" 2'-5"" 1375 2238 
| 28'-0" 6'-0" 2'-5" 1123 2014 

Din ies levedecesantesecvaversss 20'-0" 5'-6" 2'-2"" 700 1134 
18'-0" ‘4 2'—1" 516 950 

| 16'-0" 4 6" 1-10" 291 617 

14-0 4-4 1'-§ 236 537 

* Nore :—In case of Steam Cutters this heading should read—Depth from top of deck to lower 
edge of rabbet. 

TABLE I. 

to carry, in addition to their regular crew and stores. 

as large a number of men as possible, and they must 

have the form and a sufficient freeboard to be 

weatherly under sail in rough water, and to be able 

to carry as dry as possible her crew, the additional 

number of men allotted to the boat in abandoning 

ship, and provision and water for her complement. 

Least Freeboard of Standard Boats of the Untted States Navy. 

Maximum Weight _Freeboard 

Type or Boat. number ermen of provisions eae 
carry. and water. and provisions. 

SteamcuttersictesMtcceascsssusesiettemecesee 40'-0" 60 600 Ibs. 1-9} 
36'-07 53 530 ** U-9 
33(-0" 48 480 ‘ 1-9) 
30'-0" 40 400 1-8; 
28'-0" 35 350 1-7 

eAUM CHS saenttunctssttcsataceiirsnscccerscsera 33'-0" 64 640 1-10" 
30'-0' 50 500 ** I mt 
28'-0" 40 400‘ 1-1 

(Clttersmerebcctecteettececloareecsuraccsecstter 30-0" 45 450 ‘* 
te) qoo ‘ 4! 
3° goo * 
28 280 “ 

38 380 “ 

28 280 ‘ 
25 250 * 
22 220 

18 180 “f 

| Gig whale-boats..... s.sssececeeseereseesee 30-0" 20 200 ** 
| 28'-0" 16 160 ‘* 

Dinghies ..csc.ccccseseseeere <eccseeetereecssnee 20-0” } 12 120“ 
18'-0" 10 100‘ 

| 

TABLE II. 

The capacity in men, weight of provision and water, 

and the freeboard as shown in Table II. 

As the boats must be strong, and scantlings made 

as light as possible, careful workmanship is insisted 

upon, in order that all the parts of the boat may be 

properly joined together. 

While it is not intended to encourage extravagance, 

January, 1899. 

it is insisted that every appointment shall be strong, 

neat, and symmetrical without regard to expense. 

The practice is to have all frames made of white 

oak, steamed and bent. In many cases where these 

frames have been made from flitches, or the natural 

erook, they have not stood the strain of a sudden 

shock, have broken from the blast of a gun, or the 

swinging of the boat against the vessel or wharf. 

The keels, stem, stem-posts, keelsons, frames, ris- 

ings, footlings, and wash strakes are built of white 

oak, the plank of white cedar, the thwarts of white 

ash, and the boats are copper-fastened throughout. 

The hanging bolts are of galvanized iron, and are 

strongly riveted over washers or plates in the stem, 

keel, or stern-post. All metal fittings of the boats 

are of brass. 

A change has recently been made in the stern 

benches, slatted seats being used in place of the flat 

bench, thus giving an easy shaped seat, similar to 

park benches, upon which a person can more easily 

sit when the boat is in motion, and also insure a 

comparatively dry seat at all times; it is also intended 

to replace the cumbersome cushions. 

The barges and gigs are always finished in 

mahogany, the back-board being curved and carved 

with an appropriate design. 

The whale-boats and gig whale-boats are fitted with 

copper tanks under the bow and stern sheets, and at 

the sides under the thwarts, to make them better life- 

boats. 

The 30-ft. whale-boat has a tank capacity of 14 

cu. ft. The steam cutters are also fitted with copper 

tanks; the 40-ft. steam cutter has, including a water- 

tight compartment at the bow, 62.3 cu. ft. 

Of the fittings of the boats, the greatest difficulty 

has been with the detaching apparatus of life-boats. 

Many kinds have been used, and failures to work 

at the proper time have been noted. The automatic 

releasing hook is now being largely used in the Navy. 

By this appliance, the boat is under control from 

the deck, and is rapidly lowered, and automatically 

released as soon as the boat touches the water. 

The second element of the designs is that ever 

present question demanding the constant attention of 

the naval architect—weight. 

As previously stated, the scantling is reduced as 

much as is consistent with the necessary strength. 

The designs have been studied from three points 

of view—safety, strength and weight, and wherever 

it seemed possible to cut the weight, it was done. 

In the systematic arrangement of the thwarts, the 

bow oarsman is located far enough aft not to be 

cramped in his movements, and also to give a large 

fore sheet for all necessary purposes. 

The bows have a considerable flare to make them 

dry, and the lines are made as sharp as possible, 

keeping in view the capacity required. 

Under the third element of the boat designs—com- 

fort—might be specified the slatted seats in the stern 

sheets of all boats except launches and dinghies. It 

has been the aim in the standard designs to give the 

crew of the boat ample room for pulling, and the 

thwarts have been arranged both vertically and hori- 

zontally to that end. 

The element last to be considered in the Navy boats 
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is speed, and as the speed of a steam cutter is closely 

associated with the space and weight, any attempt 

at anything but moderate speed could not be con- 

sidered in a Navy boat. . 

In rough waters, where the usual service of the 

boats would be performed, the speed ranges from 8 

knots in the 40-ft. steam cutters to 6 knots in the 

28-ft. cutters. 

Many of the crews of the old Navy took a great deal 

of pride in their racing cutter, but in the new Navy, 

where everything has to be well considered from 

many points of view, the racing cutter seems out of 

place. As the boats are standardized, and those of 

all vessels are alike, size for size, a boat race would 

become a question of strength and endurance, and be 

much more interesting than a race between two boats 

of unequal form. , 

Under sail, the boats will not be speedy, as the 

sail power has been purposely kept low to keep down 

the size of spars, and the weight of sails and spars. 

In the steam cutters, ‘the sail area is 1.75 times the 

area of the load water line; in the launches, 3 times; 

in the cutters, whale-boats, and gig whale-boats, 

2 1-2 times; and in the dinghies, 2 1-4 times. 

The sail area of each boat is given in Table III 

printed on this page. 
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The life of the Navy boats is comparatively short, 

probably averaging 10 years. 

One hundred boats have been built during the past 

Sail Areas of Standard Boats of the Untied dtutes Lavy. 

1 7] 

Centreof | Gc 
Area of - Centre of 

Typr OF Boat. Sail area. | load water efor irom effort 
line. of cain: above base. 

Steamicuttersrertesytcnservecseetreserestece 40-0" 372-4 212.8 on (X) 14.38 
36'-0" 318.58 182-0 127" aft. 13559 
33-0" 301.9 172-5 +046) 3 13-46 
30-0" 283.75 145.0 yy 12.64 | 
28'-0" 218.82 125.0 +207' ** 11 77 | 

WAUNCHESMaccsatcencrrenstceccassesntserenees 33'-0" 505-5 168.5 on &) 15.04' 

5 30'-0" 458.25 152.75 -298' aft. 13.9! 
28'-0' 290.0 — -696° * Il 345° 

Cutters menmanteunecncarsecsaeccsteteresteeted 30'-0" 315.0 126.0 dK 12.0° 
28'-0" 290.0 114.75 OOO Mme 11.345' 
26'-0" 240.0 94.5 +685’ ‘* 10.647' | 
24'-0 209.0 — on (&) 9-79' 

Bare Ccccsecsanveahecsrsitersttiiecatscrsraliseser 30'-0 293-75 117.5 40’ aft. 10.7’ 

Wiha le-boatshertscssesrrensesssresets =e O.-On 287.75 111.5 59) aft. 10.37’ 
29'-0" 260.0 104.0 ley @ 10.29! 
28'-0" 240.0 96.0 =58: 4S 10.08" 
24'-0" 173-65 — -198' ** 9.55" | 

Gig whale-boats ...1..2..csceseeceseeeseevee 30-0" 236.8 94-75 449° 9-37) 
28'-0 212.5 85.00 -238' “ | 9.43! 

Dinghies: cere seesersssec)cveeelsceeseaseceee'e 20.—O1 134.4 59-7 on (0S) | 9.625' 

1§'-0" 126.32 56.14 +354 aft. | 9.67’ 

TABLE III. 

year, and there are now in use in the Nayy about 

1,000 boats of all classes. 

The design of the standard steam cutter 

in the engravings on pages 10, 11 and 13. 

is shown 
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Note. No allowance has been made on plan for stretch of sails. 

SAIL PLAN OF 40-FT. STANDARD NAVY STEAM CUTTER. 
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SLIP AND ITS RELATION TO THE PROBLEM OF 

SCREW PROPULSION. 

BY EDMUND LEAVENWORTH. 

Let us first try to understand why there is such 

a thing as slip. 

The fundamental problem of propulsion is to ob- 

tain a thrust whereby the resistance of the ship may 

be overcome. Let us take first the case of a small 

boat propelled along a shallow stream by poling 

over a hard bottom. In such case there is no yield 

or give to the point of support. The necessary thrust 

is developed by simply pushing, and the point of sup- 

port remaining firm, the boat alone yields and is thus 

urged in the direction desired. Under such cireum- 

stances there is an entire absence of the phenomenon 

of slip. 

In the more usual case of propulsion, a like thrust 

must in some way be developed, but we have now no 

firm or unyielding support for the propelling agent, 

and the thrust must be obtained in an entirely differ- 

ent way. Let us see how this is done. It is a fact of 

universal experience that all bodies tend to maintain 

their condition of rest or relative motion. This is 

illustrated at every turn of our every day life. No 

body at rest can be put into motion, or if in motion 

ean be brought to rest or can haye its motion 

changed, except as it is acted on by a force external 

to itself. Again, since action and reaction are equal 

and opposite in direction, any body thus acted on 

will react on the disturbing agent, and thus produce 

the manifestation of a force equal and opposite to 

that required to produce the change. Thus suppose 

a heavy body hanging at rest by a rope. It requires 

to set it motion, the exercise of an external force, as 

the push of the hand, and a resistance is opposed to 

this motion, which reacts so that the pressure of the 

body on the hand exactly equals that of the hand on 

the body. Similarly the body, when once in motion, 

tends to continue in this condition and requires the 

manifestation of a force opposed to the motion in 

order to bring it to rest. It follows from this that if 

any agent on a ship can produce in matter an increase 

of motion directed in whole or in part in the direction 

from forward aft, such agent will be reacted on by a 

force directed in whole or in part from aft forward, 

and if the supply of such matter were continuous, 

such a force might be used as a propulsive thrust. It 

must be understood that these conditions will be ful- 

filled by the development of motion sternward in a 

body originally at rest, by the increase of motion 

sternward in a body already moving in that direction, 

or by a decrease, arrest, or reversal of motion in a 

body moving forward. 

Thus a boy standing in a boat and throwing apples 

or stones over the stern, or a gun firing projectiles 

sternward, would each give rise to a forward pro- 

pulsive thrust. Again, a boy ina boat catching apples 

or balls thrown him from astern would experience 

likewise a force directed forward, which would thus 

act as a propulsive thrust. Approaching a step nearer 

the actual case, we might have a pump on board 

drawing a continuous supply of water from over- 
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board, and delivering it again overboard, with an ac- 

celerated velocity directed aft. In any and all of 

these cases, matter is so acted on that it is given 

motion or an increase of motion directed from for- 

ward aft, and the attendant reaction furnishes the 

necessary propulsive thrust. In the last case the 

plan is perfectly feasible for propulsive purposes, and 

such methods are occasionally used under the name 

of “hydraulic propulsion.” In the actual propeller or 

paddle wheel precisely the same fundamental action 

occurs. In either case a mass of water is taken hold 

of and given motion sternward. With the screw pro- 

peller working at the stern of the ship in the wake, 

the water when first acted on has already a motion 

forward. This is arrested and reversed. In all cases, 

however, the fundamental action is the same, in- 

volving, as it does, the use of the inertia of the water, 

and the distinctive difference between gaining a pro- 

pulsive thrust in this way and by poling over a hard 

bottom must be clearly noted. It may also be well to 

point out here more particularly, that it is the change 

brought about by the propeller which is of impor- 

tance, and not the actual velocity itself. Thus, if the 

water were moving forward with a velocity of 4 and 

were stopped and turned backward with a final ve- 

locity of 2, the total change would be represented by 

6, and the thrust developed would be the same as if 

the original velocity were 5 forward and final 1 aft, 

or 1 forward and 5 aft, or originally at rest and final- 

ly 6 aft. 

It thus appears that the production of a propulsive 

thrust in this way absolutely requires a change in 

the sternward motion of the water. Such change is 

sometimes called the slip of the water. This, how- 

ever, is not the slip with which we are here espe- 

cially concerned, though it has been sometimes con- 

fused with it. This slip of the water, however, is 

accompanied necessarily by a slip of the propeller 

or paddle wheel; that is, by a difference in the 

performance of the propelling agent as compared 

with the case in which there should be no such yield 

or slip of the water. 

Thus, in the case of a screw propeller, if there 

were no yield to the water considered as the sup- 

port of the blades, and if the latter thus moved as 

though supported on a smooth, unyielding surface, 

the distance moved forward per revolution would 

equal the pitch as measured on the driving face of the 

propeller. In the actual case the distance moved 

per revolution is less than this, and the dif- 

ference may naturally be called the slip of the 

propeller. That is, the propeller slip is the difference 

between the distance which the ship would move per 

revolution if the propeller worked on a smooth, un- 

yielding surface, and the distance actually moved per 

revolution when it works on the yielding water. This 

is the slip with which we are here particularly con- 

cerned. 

It should be carefully noted that the slip of the 

water and that of the propeller are quite distinct 

in character, and that they are furthermore not equal 

in amount. Their relationship involves mathematical 

investigation of a nature unsuited to the present dis- 

cussion. 
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The facts thus far established are, therefore, (1) 

that no propulsive thrust can be developed without 

a yield or slip in the water, and (2) that this yield or 

slip will produce an effect on the relation between 

the geometrical or face pitch of the propeller and the 

distance moved per revolution. 

We must now take another step and define two 

kinds of propeller slip. It has been defined above as 

the difference between the pitch of the driving face 

and the distance moved per revolucion. The latter, 

however, admits of two definitions. The one natur- 

ally thought of is the distance relative to the outlying 

and surrounding body of still water; the speed of the 

ship through the water so called. Of still greater in- 

fluence, however, on the propeller as an instrument 

of propulsion is the speed through the water which 

immediately surrounds it; the speed through the wake 

so called. 

It may be well at this point to describe briefly the 

nature and constitution of the wake. The ship in 

going through the water sets in forward motion a 

skin of water, of which that very near the surface 

moves with nearly the velocity of the ship itself, 

while as the distance from the surface is increased, 

the motion correspondingly decreases. ‘The water 

thus acted on by the skin of the ship is finally found 

at the stern, where, influenced still further by wave 

and stream-line motion, it forms the _ so-called 

“walke.’ The forward velocity in the wake at dif- 

ferent points in a transverse plane at the stern is 

quite variable, rising as high as 50 or 75 per cent of 

tnat of the ship at points near the stern post at the 

surface, and decreasing irregularly and gradually to 

nothing as the outlying water is reached. For single 

serew ships the average value in that part of the 

wake directly influenced by the screw is usually 

found from 10 to 15 or 20 per cent of the speed of 

the ship. For twin screws, located as they are, not in 

the strongest part of the wake, the values are usually 

found between 6 and 10 per cent of the speed of the 

ship. 

Now, to return to the propeller, it is evident that 

so far as it is concerned individually and simply as a 

developer of thrust, it should be judged relative to the 

water immediately about it—relative to the water in 

which it works and upon which it acts, rather than 

relative to an outlying body of undisturbed water 

upon which it has no direct influence. The velocity 

of the propeller through the wake and the corre- 

sponding slip are therefore more closely related to the 

performance of the propeller as such than the veloc- 

ity relative to the surrounding still water and the 

slip corresponding to such velocity. The first is hence 

known as the true slip, while the second is called the 

apparent slip. 

Suppose, for convenience, we reckon all velocities 

relative to the surrounding body of still water. Let w 

be the velocity of the ship and wv that of the wake, 

reckoned, say, in feet per mt. Then (w-v) is the speed 

of the propeller through the wake. Also if p denotes 

pitch in feet and NV revolutions per minute, p N would 

be the speed per minute if there were no slip. Then 

p N — w is the apparent slip and p N — (w—v) or 

p N + v — w is the true slip. Denote these two slips 
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expressed in feet per minute by S, and S,, respec- 

tively. Then we have: 

Sy SYN SG obssccnooenodosoooegoosoooone (1) 

Sy = 4b OD = & = Sh 4b W oc0ncc0a000000 (2) 

It thus appears that the difference between the 

two slips is simply the wake velocity, as we should 

expect. It is customary to reduce S, and SN, to per- 

centages of p N as a base, and to speak more par- 

ticularly of these values as slip ratios or slip per 

cents. Denoting these by s, and s, we have: 

N—u 
5s = Sa SHO vabmodeOnoTOD LOSHooDbOSS (3) 

_ pN+t+u—u Uv 
Sp SSS ey eee a iiava ase 2 DN 1 alg PN (4) 

Very commonly when slip is referred to, apparent 

slip is intended; though in scientific discussion of 

screw propulsion, true slip will be more commonly 

implied. In any case the context will show which of 

the two is intended, and the fact of the two different 

kinds, the cause of their difference and their relation 

should be borne constantly in mind. 

We have thus far considered slip as though it were 

the same for all parts of the blade and for all parts 

of the revolution. Such, however, is far from being 

the case. Due to the lack of uniformity in the con- 

stitution of the wake, different parts of the blade at 

any one instant are located in water having different 

velocities, and any one part of a blade during a 

revolution is in contact with water having likewise 

widely differing initial velocities. In consequence, 

the true slip in any given position of a blade varies 

from one point to another, while at any given point 

on the blade it varies during a revolution. Nor are 

these variations so small that, as is so often the case, 

we may fairly consider them negligible. From the 

best information obtainable on the subject, the true 

slip may vary in this way at different points on the 

blade and at different parts of a revolution from little 

or nothing up to 50 or 75 per cent, or, perhaps, even 

more. It is true that for the most part the slip 

varies through narrower ranges, but, nevertheless, 

the variation is very considerable, and in any case 

is Sufficient to entirely destroy the simplicity of mean- 

ing which we may attach to the idea of slip in the 

ease of a propeller working in a uniform or undis- - 

turbed stream of water. 

But there is still another cause which may in- 

troduce variability into the slip. This is a vari- 

ability in the pitch. It is well known that in many 

propellers the pitch varies from one part of the 

blade to another in a manner more or less complex 

according to the fancy of the designer. Remember- 

ing the way in which pitch is defined, it follows that 

slip will vary correspondingly, even if the water in 

which the propeller works is perfectly undisturbed. 

In all cases where pitch and slip are variable, these 

terms for the propeller as a whole must be understood 

as referring to a kind of mean yalue. We are there- 

fore called upon to define mean pitch and mean slip. 

This may be done in several ways according to 

the manner in which the mean is taken and un- 
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fortunately there is no generally accepted agreement 

on this point. Following are some of the. ways in 

which the mean pitch might be defined: 

(a) Taking a purely geometrical basis, mean pitch 

may be defined as the simple mean of a set of distrib- 

uted values taken over the driving face. 

(b) Instead of a simple mean we might perhaps more 

properly give to the pitch of each element a weight 

proportional to the work which it absorbs, or to the 

thrust which it develops. ‘The latter, which is perhaps 

preferable, may be approximately accomplished by di- 

viding the blade area into a series of elements and ° 

multiplying the area of each element by its pitch and 

by the square of its radius, adding these products, and 

dividing the sum by the sum of the like products formed 

by multiplying the area of each element by the square 

of its radius. 

(c) We might also adopt a dynamical basis for the 

definition of mean pitch as follows: Let the given pro- 

peller work in undisturbed water with given revolutions 

and speed of advance. Let there bea propeller of 

uniform pitch with the same diameter, area, and shape 

of blades, and let it work in undisturbed water at the 

same revolutions and speed. Then the pitch at which 

the latter propeller would have the same turning mo- 

ment, or in other words, at which it would absorb the 

same work as the former, may be considered as the 

equivalent mean pitch. Still otherwise the pitch at 

which the latter would develop the same ¢/rzs? as the 

former may be considered as the equivalent mean 

itch, 
: (To be continued.) 

The ocean going steam yacht Aphrodite, built by 

the Bath Iron Works for Colonel Oliver H. Payne, 

of New York, was launched on the Kennebec river, 

December 1. She was christened by Miss Vivian 

Scott, daughter of Captain CG. W. Scott, who will 

command the yacht. Our readers will recollect the 

extensive description, with drawings, of this vessel 

which we published in our issue of February, 1898. 

Her dimensions are: Length, 258 ft. L. W. L.; beam, 

35 ft. 6 in.; mean draught, 15 ft. She is fitted with a 

single screw and engines of about 8,000 I, Jel, 125 

Her equipment and appointment will be of the very 

latest and most artistic design. 

The hull of the new steam yacht Corsair for J. 

P. Morgan, of New York, was launched from the 

yard of IT. S. Marvel & Co. at Newburg on the 

Hudson, last month. She was christened by Miss 

Louise Morgan, daughter of the owner. This vessel 

was designed by J. Beavor Webb, and will be fitted 

with her machinery at the yard of W. & A. Fletcher 

Co., Hoboken, N. J. The new yacht is 302 ft. long, 

22 ft. 3 in. beam, and 23 ft. 6 in. deep. She will be 

fitted with triple-expansion engines and is expected 

to be a speedy, seaworthy vessel. The yacht of the 

same name previously owned by Mr. Morgan was 

purchased by the Navy Department during the 

Spanish war, and contributed greatly to the success 

of the naval fight at Santiago. This vessel was 

illustrated and described in our issue of August, 1898. 
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ELECTRICALLY OPERATED 150-TON JIB CRANE 
AT NEWPORT NEWS SHIPYARD.* 

BY WALTER A, POST, 

Together with the demands of the day for greater 

capacity, greater power, and greater speed, as es- 

sential characteristics of the modern ship, there comes. 

the dependent feature of greater weight, and, to the 

shipbuilder, the problem attendant upon this feature, 

namely, that of providing for the economical handling 

of these weights. 

The plant of the Newport News Shipbuilding and 

Dry Deck Co., although well -provided from its origin 

with appliances for handling material, was found in 

its later developments to be in need of. apparatus 

more powerful and more convenient than the 100-ton 

sheer legs which, to that time, had been used for 

handling the heavier weights installed on board ships 

during the fitting-out period. 

The growing need of such apparatus had been for 

some time forcing itself upon the attention of the 

company, but it was only in the spring of 1896 that 

it was finally determined to undertake its provision, 

and steps were taken to ascertain from the experi- 

ence and opinions of experts, both in this country 

and abroad, what general type of machine would 

most satisfactorily fill the particular requirements of 

the Newport News plant. 

The fundamental requirements, briefly stated, were: 

Capacity to lift and place on board the heaviest single 

weight liable to be incurred in the probable develop- 

ment of modern ships; a field of operation, as large 

as practicable, in which these weights could be 

handled, and absolute precision within this field; a 

location accessible by the ordinary means of trans- 

portation from all parts of the yard; and, finally, that 

greatest factor defined in all projects by the broadest 

use of the word economy. , 

Careful consideration of these requirements lead 

to the adoption of a 150-ton revolving derrick, elec- 

trically operated and controlled, mounted on a steel 

tower supported in turn by pile foundations. The 

structure was located on one side of a pier 700 ft. 

long, forming one side of a slip, in which a number 

of ships may be moored at one time and readily 

brought within the field of the derrick’s operation. 

Two standard gauge tracks over entire length of 

pier afford means of transportation from any part of 

the yard, and also direct connection to the main lines 

of the Chesapeake & Ohio R. R. System. The floor 

of the pier, 185 ft. in width, furnishes ample room 

for the temporary reception of heavy pieces, castings, 

armor, etc., and permits, in addition, the assembling 

of much work within direct reach of the derrick, thus 

allowing assembled parts to be placed on board as a 

single member, relieving the tendency to overcrowd 

floor space in the shops and effect a saving in cost 

over work as assembled on board ship. 

Tne final design of the derrick was taken up about 

Mareh 1, 1897, and in July, 1898, sixteen months 

*Read at the Sixth General Meeting of the Society of Naval Archi- 

tects and Marine Engineers. 
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later, weights were being placed on board the battle- 

ships in-course-of construction at the yard. 

Aside from the steel work in the tower, it was de- 

signed, constructed, and erected by the Newport 

News Shipbuilding and Dry Dock Co., under the 

direction of Sommers N. Smith, at that time general 

superintendent of the works. The design of the der- 

rick itself, including steel tower, jib, hoists, and ma- 

chinery in general, was prepared by the steam engi- 

neering department under C.F. Baitey; the direct 

working out of plans and’ details being assigned to 

R. u. Lovell of the same depariment. The successful 

completion and high efficiency of the whole machine 

attested both the care and skill of the designers and 

the workmanship of the yard force. The steel tower 

was furnished and erected by the Bern Iron Bridge 

Co., of Hast Berlin, Conn.; while the foundations were 

designed and constructed under the direction of the 

author. 

A brief statement as to Size, capacity, range of 

operation, ete., may be of interest before proceeding 

to the description of particular details. 

The derrick jib is capable of having its outer end 

raised or lowered, thus giving to the hoisting blocks, 

which depend vertically from this end, a movement 

not only of rotation about the center of the derrick, 

but also of translation in or out from this center. 

With the outer end of the jib in its lowest position 

the hoisting blocks will, on rotation of the derrick, 

describe the circumference of a circie 207 ft. dia.; 

with the jib in its highest position ..ese blocks, on 

rotation, describe the circumference of another con- 

centric circle 88 ft. in dia., thus permitting the der- 

rics to operate on weights lying anywhere within the 

circle ring whose maximum and minimum diameters . 

are 207 ft. and 88 ft. respectively. The maximum 

load of 150 tons can be handled only within a ring 

whose maximum and minimum diameters are 147 ft. 

and 88 ft. respectively, but weights up to 70 tons 

may be handled throughout the entire field of opera- 

tion. This feature, of varying the radii at which the 

hoisting blocks can operate, constitutes a most im- 

portant difference between the derrick under diseus- 

sion and the 180-ton steam crane erected, in 1893, on 

Finnieston Quay, Glasgow. In the Finnieston crane, 

which at the time of its construction represented the 

ideas of best English practice, there is no variation 

in the radius at which the hoisting blocks are car- 

ried, and, in consequence, the field of operation. be- 

comes narrowed to a single line, the circumference 

of a circle described by the blocks on revolving the 

crane, The advantages of the Newport News der- 

rick are obvious. 

The maximum elevations, above mean high water, 

for the hoisting hooks in the high and lower positions 

of the jib are 118 and 69 ft. respectively; this giving 

ample clearance yertically for any probable condi- 

tions. 

Taking up the description of the several parts of 

the structure, it may be well to follow the actual 

order cf construction and begin with the foundations. 

A discussion of the conditions which serve to de- 

termine the choice between a masonry or pile foun- 
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dation is obviously beyond the scope of the present 

paper, and it is sufficient to say that the decision to 

adopt a pile foundation was reached, not alone after 

the possibilities of masonry, but also of metal tubes 

and cylinders filled with cement, had been investi- 

gated at much length. The soil at the point of erec- 

tion is eminently suited to the use of piles, and it is 

the author’s belief. based on a number of years’ ex- 

perience in that locality, that a properly creosoted 

pile foundation would, under conditions imposed, 

have about 90 per cent. of its original strength re- 

tained after a period of 25 years. Assuming the 

probable life of the foundation to be 25 years, and 

recurring again to the governing factor of econ- 

omy, we may, with pertinence, state that the cost 

of such foundation was about $8,000; and the time 

consumed in construction about two months; while 

the masonry foundation for the Finnieston Quay 

180-ton crane cost in the neighborhood of $45,000, 

and required seventeen months to complete. It is 

apparent that the interest accumulations on the dif- 

ference in cost for a period of 25 years is far more 

than sufficient to renew foundations and re-erect 

derrick. 

The foundations adopted consist of four concen- 

trie rows of piles, driven vertically and spaced 3 ft. 

center to center, measured on the circumference of 

each ring. One hundred and fifty piles were required 

for these rings, all carefully selected straight round 

sticks, measuring not less than 14 in. 6 ft. from the 

butt, and not less than 9 in. at the small end. They 

were carefully treated with London ordinary dead oil, 

of approved quality, 16 Ibs. to the cubie foot, and 

then driven, under a 5,000-lb. hammer, to an average 

depth of 28 ft. into the hard bottom of the river. In 

addition to the above, seventy piles were driven at 

an angle of 30 deg. to the vertical and secured to 

the capping by galvanized iron drift bolts, thus giv- 

- ing the entire foundation greater rigidity and stabil- 

ity. The caps are carefully selected live oak, 14 in. 

by 11 in., laid in concentric circles on tops of piles, 

surmounted in turn by two thicknesses of heavy live- 

oak flooring, the lower flooring being laid radially 

across the caps, while the upper one has its lengths 

laid, similarly to the caps, along the circumferences 

of concentric circles. The whole assemblage, of caps 

and flooring, is protected as much as possible from 

decay, and firmly secured to the piling by galvanized 

iron drift bolts. It may he well to state, as a con- 

cluding remark on the pile foundations, that it is in- 

tended to fill the pier solidly around the space occu- 

pied by the derrick foundations, thus preserving the 

piling for an indefinite period from possible attacks 

of the teredo. 

Proceeding to the description of the steel tower:— 

we have a structure cylindrical in general form, com- 

prised of sixteen columns securely braced and an- 

chored, through their shoe plates, to the pile founda- 

tions below, the columns being surmounted by a 

series of box girders to which is bolted the cast-steel 

track carrying the rollers on which the derrick re- 

volves. The sixteen columns are equally spaced over 

the cireumference of a circle 86 ft. dia. and set 

square to radial lines through their centers. They 
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are built up of two 15-in. channels, 70 lbs. to the 

foot, well latticed on the sides, with batten plates, 

top, bottom, and midway their height, at which 

point horizontal and diagonal braces connect. The 

column shoe plates are seated on iron plates 1 7-16 

in. thick, carried by the upper course of live-oak 

flooring, each shoe being anchored by twelve 1 38-8 in. 

bolts to the piles, if possible, and where not, to the 

pile caps. 

To heavy box girders, surmounting the columns, 

are riveted at every other column the ends of lattice 

girders projecting radially from the center, at which 

point they connect to heavy gusset plates which 

serve to build up a central bearing for the 16-in. 

vertical pin used to center the derrick, and which” 

serves, also, should unforeseen emergency require it, 

to prevent any lifting tendency of the derrick itself. 

Projecting outward and downward from the pin bear- 

ing, to the base of each alternate column above men- 

tioned, are stiff angle braces, tied at their middle 

points to the top and middle point of columns by 

diagonal and horizontal angles. Diagonal tie rods, 2 

in. dia., running from the top and bottom of the al- 

ternate columns, which do not carry radial girders, 

to the bottom and top of corresponding columns 

opposite, serve, with the above-mentioned angle 

braces, to rigidly connect and tie together the whole 

structure of the tower. The circular turned cast- 

steel track, on which sixty-three conical cast-steel | 

rollers travel, has a mean diameter of 386 ft. for the 

roller circle and is so beveled that the top elements 

of the rollers are always horizontal, thus ensuring an 

easy turning motion. The rollers are held in place by 

two concentric circular rings, the inner one built up 

of plates and angle bulb, the outer one of plates 

alone; these rings being held in place by twenty-one 

2-in. steel rods, radiating from the center pin casting, 

to which they are secured, and passing axially 

through every third roller and secured at the same 

time to both roller rings. ‘ 

We have now reached the revolving structure or 

derrick proper, which may be, for convenience of de- 

scription, divided into two members; the housing, a 

heavily framed structure containing the generating 

and controlling machinery, operating platform, and 

counterweight or ballast; to this is secured the sec- 

ond member, namely, the jib, which, carried by the 

housing and controlled by the power therein, carries 

in turn the sheaves and blocks through which all the 

hoisting power must be finally applied. 

Recurring to the housing, a brief description will 

suffice to indicate its general character and note in- 

teresting features. 

Resting on the conical rollers is a circular girder; 

on this is carried the heavy cross-girders which fur- 

nish supports and foundations for the generating mo- 

tors, heavy gearing, drums, and other parts of ma- 

chinery. In a central bearing is the 16-in. pin pre. 

viously mentioned; at one end of the cross-girders is 

secured, by a 9-in. pin connection, the lower end of 

the jib, while at the opposite end of the girders rises 

the ballast tank containing 410 tons of pig-iron bal- 

last. The ballast tank is built up of heavy floor 
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girders, resting on and running at right angles to the 

cross-girders above mentioned. From the extremi- 

ties of these floor girders rise the vertical ends of the 

tank, each end being a hollow box section and sery- 

ing to transmit the weight of the ballast from the 

fioor of the tank to the 10-in. pin connections at the 

top of the tank, from which points inclined struts are 

run downward and across to the ends of the cross- 
girders which connect with the lower end of jib. 

The ballast tank overhangs the circular girder, and 

as only a portion of the weight of the ballast is re- 

quired to balance the jib in its high position, the re- 

maining weight of ballast is carried, in that ease, by 
the overhanging girders, which are reinforced by 
brackets on the side. The arrangement of ballast 
above described brings the center of gravity of the 

revolving structure always within a radius of 7 1-2 ft. 

from the center, which, as the path of the roller 

bearings has a mean radius of 18 ft., gives a mini- 

mum factor of stability of 2.4. Thus, with the jib 

in its highest position and no load, the c. g. is 7 1-2 ft. 

behind the center, while with 150 tons load at 73 1-2 

ft. radius, cr 70 tons load at 103 1-2 ft. radius, the 

ce. g. is 7 1-2 ft. forward of the center. As before re- 

ferred to, the 16-in. central pin is provided with a 

top nut and secured below, which thus affords a 

further safeguard against tilting. 

Turning, for a moment, to the jib, attention may be 

called to the endeayor to so arrange sheaves as to 

bring the minimum amount of bending and wear 

upon the pins. The member as a whole is a triangu- 

lar truss, pin connected and with its long side in 

compression. 

In taking up now the operation of the derrick we 

will divide our remarks into three headings, corre- 

sponding to the three main movements, namely, revo- 

lution, elevation or depression of the jib, and the 

vertical movement of the hoists. 

The derrick is revolved by duplicate sets of ma- 

chinery, each consisting of one No. 800 General Hlec- 

tric railway motor, capable of developing 20 H. P., 

and driving, through means of a double threaded 

worm and wheel of the Albro-Hindley pattern, a 

pinion which, engaging a horizontal circular rack on 

the outside of the tower, gives the required move. 

ment of rotation. The motors are series wound and 

controlled from a series parallel controller, giving 

high efficiency under starting conditions as well as at 

normal speed. The turning motion is very smooth 

and perfectly noiseless, and, as will be seen from the 

tests, requires very little power. 

The racking movement of the jib is effected as fol- 

lows: At the inner and upper apex of the jib is a 

10-in. steel pin carrying twenty-two cast steel 

sheaves, each sheave of 5 ft. pitch dia. At the upper 

apex of the housing is another 10-in. steel pin carry- 

ing twenty-four similar sheaves. Leading over these 

two sets of sheaves, and sustaining the weight of the 

jib and load, are two 1 1-4-in. steel wire ropes; each 

rope being wound on alternate sheaves and each end 

of each rope brought down to separate drums, located 

below in the housing; this arrangement ensuring free- 

dom from side twisting on the sheaves and also 
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requiring each rope to take its share of the weight. 

The four drums, on which these ropes are wound, are 

arranged in pairs, each one of a pair taking opposite 

ends of the same rope and each pair driven by a No. 

2000 General Electrie series motor of 100 H. P.; the 

power from the motor being transmitted to: each 

drum through a separate train of gears. The drums 

are of cast iron, 5 ft. pitch dia., carried by 7-in. steel 

shafts. Each rope, having twenty-two parts, is 

strong enough to sustain and operate the jib when 

under maximum load, thus guarding against accident 

and enabling either motor to be disconnected, and the 

rope, which it controls, to be removed for repairs or 

renewal. The motors are series wound, which en- 

sures each taking its proper share of the load. 

Passing finally to the hoist, we have two main 

hoists, each of 75 tons capacity, and one 20-ton whip 

for lighter loads. The main hoists are each of 12 

parts, 1 1-4 in. steel wire rope, leading over six 

sheaves, 5 ft. pitch dia., carried on a 10-in. steel pin 

at the outer end of the jib. The lead from these 

sheaves to the operating drum is carried down the 

jib on wooden roller runners. These drums, one for 

each hoist, are of cast iron, 8 1-2 ft. pitch dia., car- 

ried on 7-in. steel shafts, and each driven through a 

train of gears, by a No. 2000 General Electric 100 

H. P. motor, series wound. These hoists may be 

coupled together and operated as one hoist of 150 tons 

capacity. ‘I'he 20-ton whip is of three parts, 1 1-4 in. 

steel wire rope, carrying a single block and leading 

over two sheaves, carried, as are those for the main 

hoist, at the outer end of jib. The lead from these 

sheaves passes down the jib, over a single guide 

sheave, to a cast iron drum, 8 1-2 ft. pitch dia., driven 

through a train of gears by a No. 2000 General Elec- 

tric 100 H. P. motor, series wound. 

It will be noticed that electricity is used to generate 

the power required for all the movements of the der- 

rick. The question involved in the choice as to the 

form of energy to be employed in such a machine 

cannot be fully discussed here, but the convenience 

of operation, ease of movement, and general effi- 

ciency of the present derrick attest the successful 

use of electricity in this case. Current is transmitted, 

over heavy insulated copper wire, to fixed brushes, 

attached at the center and near the top of the steel 

tower. These brushes are arranged to bear against 

circular contact rings insulated from, but carried by, 

the center casting to which the roller rods are se- 

cured. Near the top of this casting are two more 

contact rings which transmit the current to a pair 

of brushes, fixed to the revolving part of the derrick, 

from which the current is delivered over heavy insu- 

lated copper wire to the several motors. The current 

is delivered to the motors, under normal conditions, 

at a pressure of 220 volts. 

Before concluding, it may be interesting to note a 

few particular features, and to give the result of such 

tests as opportunity has permitted up to the present 

time. 

The brakes are a feature of considerable interest. 

These were required to occupy little space, be power- 

ful and certain in their action, and to be automatic. 
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This was accomplished by extending the ordinary 

band brake so that it wound four and one-half times 

around a brake cylinder carried on the shaft to which 

is keyed the pinion that meshes into the gear of the 

operating drum. This brings the brake in as direct 

connection with the load as possible and guards 

against accidents of the machinery. The brake cyl- 

inders are of cast iron, 30 in. dia., with the wearing 

surface chilled. The band is of wrought iron 1 in. 

thick, 5 in. wide at one end, and tapering to 1 1-4 in. 

at the other. The broad end is firmly anchored, 

while the narrow end is secured to a lever carrying 

a weight of 200 Ibs. When lowering the jib or 

the hoisting blocks, the direction of rotation for the 

brake cylinders is toward the small end of the band, 

so that the friction, produced by the weight, between 

the cylinder and band, causes the band to wind tight 

on the cylinder and stop rotation. In hoisting, the 

brake releases itself, the friction lifting the weight 

and uncoiling the band; while any tendency to rotate 

in the opposite direction causes the weight to fall 

and the band to tighten. To release the brake it is 

only necessary to lift the weight, which is done by 

means of a wire connecting with a lever in the op- 

erating house; the lever being always within reach 

of the operator and the brakes always in operation 

except as released by continuous pull on the lever. 

The operating station is directly underneath the 

lower end of the jib, overlooking directly the weights 

to be handled, and encased with glass front as a 

protection against the weather. The controllers for 

the several motors are within easy reach of a single 

operator, who is thus given convenient and absolute 

control over the: varied movements of the derrick. 

The ropes for the hoist and racking movement are all 

of plough steel wire, 1 1-4 in. dia., of six strands of 

thirty-seven wires each, with hemp center and very 

flexible. Hach rope has a breaking strength of 100,000 

Ibs. The gears throughout, except the worms and 

those supplied with the motors, are of cast steel with 

cast tenth, the pinions being full shrouded. These 

gears work very smoothly and show a high efficiency. 

The difference in power required for the two main 

hoists is explained by the fact that all gears, except 

the pair on motors, have cast teeth and, consequently, 

variable friction. All tests were made soon after the 

completion of the derrick, and still better results may 

be anticipated when opportunity has been given for 

the gears to wear smooth. 

The jib has been both raised and lowered with 

loads up to 66 tons, but, as this was done only in 

regular course of work, no data was taken. In hoist- 

ing, the required power decreases as the moment of 

the jib decreases. In lowering, power is required to 

start the machinery, after which the weight of the 

jib will keep it in motion. 

The variation in speed and power required was 

probably due to influence of the wind, as the observa- 

tions were taken on different days, with different 

velocities of the wind. Tests Nos. 3 and 4, taken as 

near as possible, show no difference in result, al- 

though the position of the center of gravity varied 

considerably. 
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The safety factors attained in the various members 

are as follows: 

For the jib: 

Members. Factors. 

Lower struts or legs...............-..- 10 

Tension members—eye bars........... 9 

UREA] AWW 5 5000000000000000000000 a 

VVC! LOEKONNE 5 90000000060000000000000 12 
1 

TH TNOHEIOES TROWESs og 0000000 000000000 U 

Ibm TOw@e COMOMANNS ccoooccevccccg000000 (dd) 

In tower wind bracing.............. 15 

The total weights in long tons are as follows: 

Derrick on rollers (no load)......... 7715 

Derrick on rollers (maximum load... 925 

Entire structure on piles (no load)... 926 

Entire structure on piles (maximum 

ORG) 05 Scistoicos Boon Oe Eee a one eres 1076 

Maximum load for piles, taking ver- 

tical piles only and considering ec- 

centricity of loading.............. 9.04 

Following is a brief summary of tests: 

REMARKS ON THE INDICATOR AS APPLIED 

TO THE MARINE ENGINE.* 

BY W. S. BAILEY. 

For the indicator we are indebted to James Watt; 

and like other of his inventions, such as the governor 

and the separate condenser, the indicator of to-day, 

although improved in detail and manufacture, is 

similar in principle to that used by its inventor. 

Watt's first indicator consisted of a cylinder about 

six inches long and an inch in diameter fitted with a 

tubular piston whose motion was balanced by 

weights; these weights, however, were soon replaced 

by a spiral spring as in more recent instruments. At 

first the surface, a paper-covered board, upon which 

the pencil acted, was fixed so that the diagram ob- 

tained was simply a vertical line whose extremities 

showed the pressure in the cylinder at each end of 

the stroke. But, subsequently, the paper-covered 

board was made to slide in grooves to and fro before 

the pencil with a motion proportio_al to that of the 

engine piston, movement being obtained by a cord 

attached to some suitable part of the engine, and the 

sliding board being balanced by a suspended weight. 

This automatic movement of the board was a great 

stride forward, because a diagram could now be 

traced whose length was proportional to the engine’s 

Tests of the 150 Ton Electrically Operated Jib Crane at Newport News Shipyard. 

MOVING JIB. 

Movement. Net load. H. P. | Time. 

From lowest to highest position, .................0:0005 soe SO 89.0 to 64.1 | 6.9 min, 
From highest to lowest position.............cceecceereceess 0 0. 0. 5.56, “* 

Hoists. 

| | 

Net load, Speed in H. P. H. P. Telo 2, 
Hoist. long tons. | ft. per min. delivered | required to | absorbed Efficiency. 

to motor. hoist load. | by mach’y. 
a oe — = ———s ed 

Right-hand main.............. 68 6.05 54.3 28.0 26.3 51.5% 
“ 0 10,12 29,2 0. 29.2 0, 

Left-hand main............... 66 7.03 61.9 31.4 30.5 50.9% 
ehipes 0 9.08 30.65 0. 30.65 0. 

Wihipwpnrsericcetemetetccisetelet 19.2 52.3 §8.9 68.3 - 20.6 76.8% 
Go 0 84.3 35.35 0. 35,35 0. 

REVOLUTION. 

Net load, Total C. of G. Time H.P. 
No. test. long tons. | weight on} from center of one delivered to 

rollers. | of revolution, revolution. motors, 

i.6.00000000000 000000000000000000060000005000 | 134 910 4.28 ft. 3.38 mins. 10,71 
B. soond0d0000000000d0000G00000000000000000 b000 68 845 2.22 3.36 ¢¢ 11.17 
Bscooo0c000000 09 vadaQQ00000G0N00000000000R00 0 775 cys OG 3.04 * 11,15 
Gy saoon d0000eb0D0Dd DODO DDOOHOOSHoOdoObDaODODE]| 0 | 775 TOD 3.04 11.15 
i, abbadoanatodeaosdeun baba oop beAcEopoadoRone: 0 | 715 4.49 “ Bias 10.65 

In concluding this paper it may be said that the 

most difficult probiem encountered, in the design of 

the derrick, was that of providing a safe and efficient 

way of operating the jib, and, in so far as the author 

knows, the method adopted is, considering the large 

forces involved, something of a novelty. The results 

attained and the efficiency of the mechanism would 

indicate that the problem had been well solved, and 

that the idea here carried out might, with advantage, 

be extended by other designers to future problems. 

stroke and whose height at every part corresponded 

to the pressure in the cylinder at that part of the 

stroke. The presssure on either side of the piston 

was also shown, with the cut-off, expansion. and 

compression of the steam. The mean _ pressure 

throughout the stroke could be calculated; and, from 

this, the work done by the engine and the propor- 

tion of that work to the coal burned. 

Watt had, therefore, in his indicator a miniature 

*Paper read before'the Institution of Engineers and Shi i OR One Kone: gineers and Shipbuil der 
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engine, which showed him graphically the action of 

the steam within the main cylinder; and crude and 

imperfect as was the appliance, it greatly assisted 

him in improying the working of his engines and in 

illustrating his doctrine of the expansion of steam by 

enabling him to show that more work could be got 

from a given amount of steam by expansive working. 

With higher working pressures and increased piston 

speeds, the momentum of the indicator’s moving 

parts interfered seriously with the accuracy of the 

diagrams. Lighter parts and shorter stroke of indi- 

eator piston were therefore called for; and with these 

improvements the name of M’Naught of compound 

engine fame is identified. 

indicator by increasing the pencil movement through 

a lever; and to attain a straight line vertical motion 

of the pencil he adopted in its movement a parallel 

motion. The principle of securing a wide range of 

pencil travel with a short piston stroke is maintained 

in all modern indicators, and is perhaps the greatest 

improvement ever made in the instrument. The 

parallel motion, in some form or other, is also main- 

tained to the present day. 

With the extensive application of compound en- 

gines the indicator came into more general use, that 

bearing the name of Richards being almost universal 

in marine practice for Many years. This instru. 

ment, by Charles B. Richards, may be said to mark 

an era in the history of the indicator; for being far 

ahead, both in design and manufacture, of any that 

had yet appeared, it was extensively adopted. The 

value of the indicator in estimating horse power for 

commercial and scientific purposes and by revealing 

faulty valve settings and other defects became so 

well appreciated that it seldom was absent on a trial 

trip of any importance. 

The Richards indicator is so familiar as to require 

little description. The card is secured by clips to a 

revolving brass drum. The increase of pencil stroke 

over piston stroke is attained by two pairs of levers 

pivoted at opposite ends, and connected by a pair of 

links to whose center is attached the pencil, and 

near whose inner end is connected the piston rod. 

The piston of the indicator is exactly one-half of a 

square inch in area, and its travel is multiplied four 

times, so that the diagram is four times as high as it 

would be if the pencil was attached directly to the 

piston rod. But, with still increasing pressures and 

piston speeds, the number and weight of the moving 

parts of Richards’ indicator told against it; and it 

was followed, and to some extent displaced, by the 

Thompson. In the Thompson indicator the pencil 

receives motion through a single bar and a simpler 

arrangement of connecting links, so that the weight 

and therefore the momentum of the penci: movement 

is less, and more accurate results are obtained. 

The Tabor indicator, following upon the Thompson. 

represents the best practice of the present day, and 

may be taken as illustrative of the numerous class of 

first rate instruments, such as the Crosby and the 

M’Innes, which compete for our approval, and which 

show the advances made upon the indicator of Watt. 

In the Tabor indicator the pencil moves five times as 

fast as the indicator piston, and a vertical straight 

M’Naught improved the ~ 
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line motion of the pencil is obtained by a simple and 

ingenious devyice—an upright slotted link on the cylin- 

der cover of the indicator engaging a pin upon the 

pencil bar. The cylinder cover with its attach- 

ments is secured to a separate and outer cylinder, so 

that the main or internal cylinder, in which the in- 

dicator piston works, is less liable to distortion. The 

springs are duplex, being made of two spiral coils 

fitted with their points of connection to the caps: op- 

posite each other. 

Speaking of springs, and as showing the impor- 

tance of their mode of attachment to the caps, it may 

be mentioned that in the early days of the Richards 

indicator, in 1869, the springs (single coil), while cor- 

rect at one pressure, were found inaccurate at an- 

other. Investigation by the makers showed the 

trouble to be due to the method of securing the 

springs to the end nuts, the springs being secured at 

their ends by half a turn, so that the spring was 

stiffer than it should be, and failed to respond read- 

ily to increase of pressure, while, on sudden release 

from pressure, the reaction of the spring was greater 

than it should be. Upon the discovery of this error, 

the springs already issued were recalled and replaced 

by the makers with correct springs, whose coils were 

secured to the end nuts by their points only. 

Among details of improvement in modern indica- 

tors may be noted the small check, or stop, for regu- 

lating the pressure of the pencil upon the paper, an 

important point, both as regards accuracy of the 

diagrams and quickness and convenience in taking 

them. 

The indicator is not perfect in its action from the 

fact that, on the one hand, the parts have weight and 

therefore momentum, which tends to make the di- 

agram larger than it should be, and on the other 

hand, friction, which tends to make the diagram 

smaller than it should be. The early Richards, for 

example, contains also a radical defect in the multi- 

plying movement, the pencil not moving through 

equal parts of its stroke, while the indicator piston 

moves through equal parts of its stroke. This is due to 

the angularity of the link connecting the piston rod to 

the pencil levers, and which acts in the same way as 

the connecting rod of an engine in relation to its eross- 

head; as the pencil is raised or lowered from a hori- 

zontal position its travel decreases in proportion to 

the travel of the indicator piston. In the best instru- 

ments this defect has now been greatly modified or 

entirely overcome; and, although the errors insepa- 

able from momentum and friction cannot be entirely 

eliminated, they are small, certainly much smaller 

than other sources of error which will now be con- 

sidered; and for all practical purposes the indicator is 

reliable. 

‘Before applying the indicator, it is necessary to use 

some kind of reducing motion by which the card may 

be moved through a distance of only a few inches 

while the engine piston performs its stroke. In 

marine practice the commonest method of effecting 

this is by a lever worked from the engine crosshead 

and pivoted at or near its outer end, the cord being 

attached to some intermediate point in the lever. The 

various forms of reducing motion require no detailed 
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description here, but the lever system of reducing 

motion contains a serious defect, which is illustrated 

in Fig. I. The diagram is shown divided into ten 

[= ol) 

1 I i } 
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Fig. 1. 

equal parts, by dotted lines, and the line A B, rep- 

resenting the engine’s stroke, is also divided into ten 
equal parts. The are C D represents the path of 
that point in the lever to which the cord is attached. 

Now, were the reducing motion perfect, the indicator 

drum would move through each tenth of its travel, 

while the crosshead moved through each tenth of its 

stroke, but this is impossible, because the crosshead 

moves in a straight line, while the point of the lever 

to which the string is fastened describes an are. 

Thus: While the crosshead moves from 1 to 2, the 

drum moves only from E to X, instead of from E to 

F, and so on throughout the stroke as shown by the 

unequal distances between the continuous and the 

dotted lines upon the diagram. There is, however, 

this difference, that whereas during the first half 

of the stroke the drum moves through a less propor- 

tionate distance than the crosshead, in the latter half 

of the stroke the drum moves through a greater pro- 

portionate distance than the crosshead. The mis- 

leading effect of this action upon the diagram is illus- 

trated by supposing the cut-off to take place at O, in 

which case instead of the true diagram, we would 

obtain that shown by the dotted expansion and com- 

pression lines. The are C D and the amount of dis- 

tortion are here produced from actual conditions in a 

local steamer whose reducing gear is of the telescope 

style, one rod attached to the crosshead sliding 

within another pivoted on the engine column, and to 

whose outer end the cord is connected. 

All such reducing motions not only distort the card 

as shown, but they make the M. E. P. and, therefore, 

the I. H. P. appear less than they actually are, and 

in estimating the horse power, ete., from the cards, 

when a lever reducing motion is used, the amount of 

error must be determined and allowed for if accuracy 

is desired. A system of pulleys, the larger of which 

engages the crosshead and the smaller the indicator 

cord, gives an accurate drum movement; the only ob- 

jection to this system being the trouble, and often the 

difficulty, of fitting the pulleys in suitable positions. 

Among the best efforts to obtain uniformity of drum 

movement in indicator gear is that which the late 

Ir. Kirk fitted to the engines of the Propontis. A 
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twisted flat bar was fixed in bearings parallel to and 

alongside of the column and on the crosshead an arm 

was fitted whose projecting end worked over the 

twisted bar so that as the crosshead moved the bar 

was partially rotated in the same way as the well- 

known twist drill brace. A small drum on the end of 

the bar provided means of connection to the indi- 

cator drum and a perfectly proportional moyement 

was obtained. 

Returning to the indicator itself. So delicate an in- 

strument is readily affected by even slight derange- 

ment, and a few tests may from time to time be ap- 

plied when engaged in important work. All parts 

of the indicator and its connections should be as good 

a fit as is consistent with free action. 

(1) To test the freedom of the pencil movement 

remove the spring and the indicator piston, and see 

that the pencil falls freely from top to bottom; and 

with the piston connected, work the pencil up and 

down to detect any stoppage or gripping. Then with 

the thumb pressed over the hole through which steam 

enters the indicator, see that the pencil drops steadily 

from top to bottom and drops at once upon the thumb 

being removed. 

(2) To test the truth of the drum motion, adjust 

the stop so that the pencil point is just clear of the 

drum, and move the pencil slowly from top to bot- 

tom and the drum from end to end of its travel to 

see that the clearance is equal throughout. 

(8) Next put a strong spring into the indicator, 

and taking the pencil between the finger and thumb, 

press from side to side and up and down to detect 

any play in the joints. 

Before attaching the instrument give the bearings 

a little oil, especially those which take the strain of 

the drum upon its spindle; they will fire, and cause 

the cord to break, if allowed to run dry. The indi- 

cator pipes should be of ample size with easy bends,. 

well lagged, and with the cylinder ends clear of the 

piston at the end of its stroke. It is well to blow the 

pipes through before connecting the indicator, to re- 

move any dirt or grit which may interfere with its 

action and cut the cylinder and piston. It some- 

times happens that at high speeds the drum spring 

is too weak to prevent the drum traveling further 

than it should do, at the end of the stroke, owing to 

momentum. To detect this error trace the atmos- 

pheric line upon the card with the engine going dead 

slow, and then, lifting the card slightly upon the 

drum, open the engine to full speed and again trace 

the atmospheric line. The lines should be of equal 

length; if they are not equal the diagram will be 

distorted accordingly, and the cause must be looked 

for either in the drum itself or in the connections. 

We may briefly state the three following conditions 

of steam before considering its action, as reflected in 

the indicator diagram: 

(1) Dry saturated steam is steam in its best 

natural state, that is, holding the least possible 

amount of moisture in suspension while in contact 

with the water from which it is generated. 

(2) Saturated steam is the term used when, ow- 

ing to priming or imperfectly protected boilers, ete., 

an excess of moisture exists. 
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(83) Superheated steam is that which contains more 

heat than is due to its pressure at formation. 

Thus exposed to atmospheric pressure, steam 

reaches only a temperature_of 212 deg., but under a 

boiler pressure of 160 Ibs. it has a temperature of 370 

deg.; while if reduced in pressure, it is also reduced 

in temperature to a corresponding degree, by con- 

*densation taking place. Steam has, therefore, a 

specific temperature for each degree of presssure 

while in contact with the water of generation, but it 

may be made to contain more heat than naturally 

due to its pressure, either by superheating it in the 

ordinary way or by throttling or wire-drawing it. To 

illustrate this latter point let us suppose steam of 160 

lbs. gauge pressure throttled to 140 Ibs. Upon each 

side of the throttle valve the temperature is 370 deg., 

although the natural temperature of the steam at 140 

lbs. is only 861 deg. ‘This steam is, therefore, as 

effectively superheated as though its natural tem- 

perature had been raised to 370 deg. in a superheater. 

Strictly speaking, the temperature of the steam after 

throttling would be slightly less than 370 deg. on ac- 

count of the internal work done; but the difference 

is not material to our illustration. We have said that 

the temperature and the pressure of steam in its 

natural state always correspond. One cannot alter 

without changing the other, and it has been proved 

that steam compressed at atmospheric presssure, 

while the 212 deg. is maintained, does not increase 

in pressure, because part of the steam is reconverted 

into water. And, reversing the process, if the steam 

be now expanued while the 212 deg. is maintained, 

the water formerly condensed again becomes steam 

upon its partial release from pressure. <A familiar 

example of this latter action is afforded by Weir's 

contact heater and pumps. When the main engines 

are suddenly slowed or stopped, the water in the 

heater, being relieved from pressure, boils, causing 

the pumps to “slam,” the water becoming steam of 

a pressure and a temperature corresponding to the 

new pressure in the heater. If this new pressure 

be that of the atmosphere, then the water in che 

heater resumes its state, as water, at 212 deg. 

With this statement of the properties of steam we 

may consider the indicator diagram, and may com- 

pare the diagram obtained by an unstable gas, steam, 

with that which would be obtained by a perfect gas. 

Boyle’s law, enunciated in 1662, is that ‘tthe pressure 

of a perfect gas at a constant temperature varies in- 

versely as the space it occupies.” That is to say, one 

cubic foot of gas at 100 lbs. pressure when expanded 

into two cubie feet would be reduced to half its 

original pressure, or 50 Ibs.; if expanded into four 

cubie feet its pressure would be 25 lbs. and so on. 

Fig. 2 shows graphically the expansion of a perfect 

gas by Boyle’s law, the diagram being divided into 

equal divisions as shown. Cut-off takes place at C, 

and the gas expands. At 8 its pressure is two-thirds 

of A B, at 4 two-fourths of A B measured from the 

perfect vacuum line. A B € D FE is an’ ideal 

diagram in which A EH is the line of perfect vacuum. 

Pressure is admitted to the piston at the atmospheric 

line above A, when the indicator pencil rises to a 

point B, corresponding to the presssure in the cylin- 
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der, and the piston begins its forward stroke. On 

cut-off occurring at C, the gas behind the piston acts 

expansively to the end of the stroke D. Here the 

exhaust opens, the pressure falls to the line of per- 

fect vacuum E, and the piston makes its return 

stroke, at the end of which, at A, the exhaust closes 

and the steam port opens; the pencil rising to B, as 

before. In this ideal diagram the effect of clearance 

on the expansion curve is not shown; the gas is ad- 

mitted at initial pressure to the point of cut-off; the 

expansion curve follows Boyle’s law; the exhaust 

opens and closes at the end of the stroke only; the 

valve is instantaneous in its action, and a perfect 

vacuum is realized in the cylinder. * 

In practice none of these conditions are obtainable. 

Clearance is a mechanical necessity; the boiler pres- 

B C 
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sure is seldom realized in the cylinder, and the action 

of the valve is not instantaneous. A perfect vacuum 

is not obtained, nor does the expansion curve agree 

with Boyle’s law. Also for practical reasons, it is 

necessary to open the exhaust before the end of the 

stroke, and to close it before the end of the return 

stroke, so that, instead of the theoretically perfect 
Fig. 2, we obtain in practice a diagram resembling 

Fig. 3, in which P V is the line of perfect vacuum; 

3 — 

B 

\ 

X 

Z ? 

P Marine Engineering VV 

Fig. 3. 

A L the atmospheric line; X B the admission line; 

B C the steam line; C is D the expansion line, and 

G H the line of boiler pressure. The dotted curve is 

that due to the application of Boyle’s law. At C the 

steam is cut off and expands behind the piston to D, 

where the exhaust opens, and the pressure falls to BE. 

The piston performing its return stroke, the pencil 

traces the back pressure line E F, at the end of 

which, at I, the exhaust closes and the piston, still 

returning, compresses the steam shut in the cylinder 

to a pressure X, the pencil tracing the compression 

line I) X; at X the steam is admitted for the next 

forward stroke. The distance betwen the vertical 
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lines X B and P G is the clearance, and this ipontahs 

may be considered more fully. In the theoretical 

diagram, Fig. 2, the engine is supposed to be without 

clearance, so that at the point of cut-off the steam to 

be expanded is simply that contained in the space 

swept through by the piston. But, in practice, we 

have not only the space swept through by the piston 

to the point of cut-off, but also that space occupied 

by the steam between the piston when at the end of 

its stroke, and the valve face, that is, the clearance 

as usually understood added to the volume of one 

steam port; and this total volume, plus the volume 

swept through by the piston to cut off, gives the 

actual volume of steam to be expanded. 

Fig. 3 shows a method of laying off the clearance 

utpon the card and of finding the resulting theoretical 

curve. To find the clearance, the most accurate plan 

is to place the engine on the center, and having filled 

in tallow round the edge of the junk ring to prevent 

leakage into or through the piston, fill the space 

betweeen the cylinder cover and the valve face with 

water of a known weight and temperature; the valve 

must be removed and the steam port covered with a 

suitable piece of wood smeared with tallow and 

blocked firmly up to the cylinder face. The water 

may then be poured in through any opening in the 

cover, such as the escape valve seat. Having found 

the weight of water occupying the clearance spaces, 

convert that quantity into cubic inches, making any 

necessary correction for temperature. Suppose, for 

example, the water amounts to 100 cu. in., and 

that the volume swept through by the piston is 1,000 

cu. in.; then the clearance would be one-tenth 

the volume swept through, and the clearance line 

must add one-tenth to the length of the diagram. 

Erect, therefore, the clearance line at this distance 

upon the card, draw a perpenaicular line through 

the point of cut-off, divide the space between this 

point and the clearance line into any number of 

equal spaces, and continue these distances along the 

diagram, as shown. The theoretical curve may then 

be found as already described. It is evident that 

clearance spaces may be a source of loss, because at 

each revolution they are filled with steam which is 

exhausted to the condenser or to the line of back 

pressure without doing work upon the piston. This 

loss may be largely overcome by closing the exhaust 

before the end of the stroke as at X in Fig. 8, so that 

the exhaust steam is compressed to nearly initial 

pressure, and the incoming steam finds the clearance 

already filled to a pressure X. Only the quantity of 

steam X B is now required before the piston moves, 

instead of the quantity Z B, which would be required 

were there no compression. Quite apart from 

economy, as described, compression, by absorbing the 

inertia of the moving parts, gives a smoothly work- 

ing enine and reduces the wear of brasses and the 

oil required. It also reduces the wear and tear of the 

human element, the engineer, a point which is often 

lost sight of. 

Referring again to Fig. 8, it may be noted that the 

expansion line C K D falls at first below and after- 

ward rises above the dotted theoretical line; and this 

enables us to compare the action of steam within the 
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eylinder with that of a perfect gas. In the first 

place, the boiler pressure never is realized in the 

eylinder, because of the losses which occur through 

friction in pipes and passages, and sometimes 

through wire-drawing by insufficient port opening, 

ete. Upon entering the cylinder the steam is further 

condensed by contact with the cylinder walls chilled 

from the previous exhaust; and to make up for this 

condensation, and maintain initial pressure to the 

point of cut-off, supplementary steam is drawn from 

the boiler. Experiment has proved that on entering 

the cylinder the steam has suffered condensation to 

the extent of from 25 per cent to 60 per cent, and that 

the loss from this cause is greater in slow moving 

engines, with an early cut-off, than in quick engines 

with a late cut-off, because, in the latter engines the 

range of high temperature being better maintained, 

the cooling due to exhaust is less. When expansion 

begins, the steam comes in contact with still more 

chilled cylinder surface; the steam continues to con- 

dense; and, being no longer able to draw upon the 

boiler for compensation, its pressure falls below the 

theoretical curve, as at K in Fig. 3. At this point we 

have, besides the steam in the cylinder, sundry films 

of water clinging to the internal surfaces; and, as ex- 

pansion proceeds, a point is reached at which the 
temperature of the steam becomes less than that of 
the films of water. These latter then evaporate, as 
in the example of the Weir’s heater, the pressure in 
the cylinder is slightly increased, and the expansion 
line of the diagram rises above the theoretical line, 
towards the end of the stroke. Should the expansion 
line rise much above the normal, we should conclude 
that steam was being admitteu after cut-off, prob- 
ably through a leaky valve, while if the actual ex- 

_pansion curve fell below what might reasonably be 
expected it would indicate a leaky piston, especially 
if accompanied by a rise in the back pressure line. 
The theoretical diagram is more nearly approached 

in stationary than in marine practice, because with 

the ordinary link motion it is difficult to obtain the 

sharp valve action characteristic of the Corliss and 

similar engines; the comparatively short stroke and 

greater clearance of marine engines are also against 

it in the production of the best type of diagram. 
Fig. 4 is a diagram from a Corlisss engine, and is 

selected as an example of how nearly the theoretical 

curve may be approached in practice and also as 

showing the indicator’s value in depicting this action, 

and in revealing faulty valve setting. The diagram 

is in no way intended as a show ecard, but was taken 

under every-day conditions to test the working of 

the engine. The scale of the diagram is 40 lbs. to the 

inch, and the boiler pressure 80 Ibs. by gauge. A is 

the atmospheric line of the instrument; B the actual 

vacuum; D the boiler pressure; E the end of the 

stroke or what should be the admission line; F the 

long dotted line, the theoretical curve; and G, the 

finely dotted line, the actual curve. The distance be- 

tween the lines © and EF is the clearance. The ad- 

mission line by leaning from the perpendicular 

shows plainly that the steam admission is late, the 

piston haying traveled about 2 1-2 in. at E before it 

feels the steam properly. This is probably the rea-- 
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son why the steam line is imperfectly maintained and 

droops somewhat as the piston advances. The cut-off 

is sharp (Sharper than could be obtained with 

ordinary link motion) and the expansion line is very 
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good, dropping below the theoretical line as cylinder 

condensation takes place, and rising as the condensed 

steam is re-evaporated. The exhaust is late, not 

opening until the piston reaches the end of its stroke, 

as shown by the sharp corner at the termination of 

the expansion curve; and, owing to this late action 

of the valve, the exhaust gets away with difficulty, 

and the best effect of the condenser is not obtained 

until the piston reaches the end of its return stroke. 

This engine requires the lead increased to make E 

the admission line; and the exhaust valve should 

open earlier by about 8 in. of the stroke. This 

would have the effect of enlarging the diagram 

at IE, and also of increasing the mean effective pres- 

sure by allowing the exhaust to get freely away so 

that the maximum yacuum would be at once realized. 

By working out the area of the figure which would 

thus be obtained and comparing it with the present 

diagram, it may be seen that the area of the diagram, 

and therefore the power of the engine, would be con- 

siderably increased by the slight alterations in valve 

setting referred to. 

Diagrams Nos. @ and 6, Fig. 5, are taken from the 

report of Henry Hillier, chief engineer of the Na- 

tional Boiler Insurance Company of Manchester, Eng- 

sland, and they form a pretty good example of the 

misuse of steam. The diagrams are taken, @ from 

one. cylinder, and }6 from the other cylinder, of a 

pair of non-condensing engines working together; 

boiler pressure 57 Ibs. The scale of @ is 22, and that 

of b 12 lbs. to the inch, and the figures on. «a are 

those given by the planimeter. Mr. Hillier remarks, 

“One of the engines was actually doing no work, but 

was really being driven by the. other. One of them 

they stopped at our suggestion, and the water con- 

sumption, as shown by the diagrams, reduced from 

66 to 35 lbs. per indicated horse power per hour.” 

These diagrams are peculiar in more respects than 

one. ‘The first (@) is very late in taking steam, and 

the steam is badly wire-drawn. The expansion lines 

are wretched and the effective pressure is greater at 

one end than at the other. Sixty-six pounds of steam 

per I. H. P. per hour is an outrageous quantity. The 

other (6) is more than peculiar. The steam is ad- 

mitted, cut off sharply and expanded across the 

atmospheric line at about one-fifth of the stroke; and 

those portions of the diagram below the atmospheric 
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line are larger than those above it, so that the engine 

is doing less than no work, and is actually being 

pulled round by the other engine. As shown the horse 

power of b is minus 2.5, so that the whole of the 

steam used in that cylinder is worse than wasted. 

And in a, only 38 lbs. of steam out of 57 Ibs. boiler 

pressure is utilized on the piston, and then not until 

the piston has been some time on its way, so that the 

steam never catches it up, and the diagram proves 

the truth of the old adage that a stern chase is a long 

one. We do not wonder that when one engine, as 

Mr. Hillier advised, was stopped the other engine did 

all the work with less steam. 

Fig. 6 is a diagram from the low-pressure cylinder 

of the compound engine of the steamship Kiung- 

Chow, and here the effect is seen of a very small 

volume in the receiver between the cylinders. The 

expansion line of the L. P. diagram rises in a most 

unusual manner towards the latter end of the stroke, 

and this is owing, as stated, to the smallness of the 

receiver, which consisted simply of a pipe conveying 

the H. P. exhaust to the L. P. cylinder. When the 

L. P. piston began its stroke at B, the H. P. exhaust 
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was closing, and the contents of the pipe being 

unable to maintain the pressure in the L. P. cylinder, 

the pressure dropped to H, and on the H. P. exhaust 

entirely closing, to C. At C, the exhaust from the 

opposite end of the H. P. cylinder opened, and the 

steam port of the L. P. cylinder being also open, 

B 

Marine Engineering 
Fig. 6. 

owing to the late cut-off, the pressure in the L. P. 

cylinder rose to D as shown. Cut-off quickly fol- 

lowed by exhaust then took place in the L. P. eylin- 

der and the steam was discharged to the condenser 
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at a wastefully high pressure. This would have been 

prevented by an earlier cut-off in the L. P. cylinder. 

RESULTS OBTAINED BY THE INDICATOR. 

(1) The indicator diagram isa picture of the steam’s ac- 

tion in the engine cylinder. From it may he judged the 
sufficiency of the lead; the point of cut-off; with what 

degree of perfection the steam pressure is maintained 

to this point, and the difference between the initial 

pressure in the cylinder and that in the boiler. 

(2) The diagram shows the expansion of steam 

within the cylinder; at what parts of the stroke the 

exhaust is opened and closed, and the degree of back 

pressure upon the piston at every point. The pres- 

sure at any part of the piston’s stroke and the mean 

pressure throughout the stroke may be obtained, and 

from the mean pressure, together with the speed 

and size of piston, may be calculated the horse power 

of the engine. The diagram dlso enables us to com- 

pare the actual expansion of the steam with ideal 

conditions, and affords us approximately the per- 

centages of cylinder clearances. 

(8) By combining the diagrams from multiple-ex- 

pansion engines the drop between each cylinder may 

be shown, and the difference between the actual 

curve of expansion and the theoretical curves graphi- 

eally shown. 

(4) By the steam line is shown whether the steam 

attains its due pressure in the cylinder and is main- 

tained at full pressure to the point of cut-off, or 

whether, owing to contracted passages or steam pipes, 

or insufficient port opening, it is wire-drawn, and if 

so to what extent. The steam line of the intermediate 

or of the low pressed cylinder also shows the propor- 

tion of the receiver capacity to the volume of steam 

exhausted into it. 

(5) By the appearance of the point of cut-off may 

be seen how nearly the sharp cut-off demanded by 

economy is approached; while, within certain limits, 
leakage of valves or piston may be detected by com- 
paring the expansion curve with a theoretical curve 
or with that of a diagram previously obtained from 
the same engine when in good order. In paddle 
steamers fitted with double-beat valves the leakage 
due to unequal wear of the valves may often, after a 
few months’ work, be detected by the fuller expansion 
line of the diagram as compared with the cards taken 
just after the valves had been ground up. 

(6) Krom the position and appearance of the ex. 
haust corners of the card the engineer may judge of 
the economy of his engine in these particulars; if a 
quick working engine whether the exhaust opens 
early enough and whether the compression is in ex- 
cess of that required for quiet running or whether it 
may be decreased or increased with advantage. 

(7) The back pressure line shows, in a high pressure 
or intermediate diagram, whether the exhaust open- 
ing is sufficient; and in addition to this, in a low 
pressed card it shows the perfection of the vacuum 
and with what degree of regularity the vacuum is 
maintained throughout the stroke. In slow working 
engines, such as paddle engines, and in which a 
Single-acting air-pump is worked by the engine itself, 
diagrams taken on the same card from the top and 
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bottom of the L. P. cylinder sometimes appear with 

one back pressure line higher than the other, show- 

ing that on the up stroke of the air pump the vacuum 

is more perfect than on the down stroke. 

(8) In estimating the twisting strain upon shafting 

the indicator is invaluable, for without it could not 

be found the strain upon the piston and therefore 

that upon the shaft. But from the indicator diagram 

and a knowledge of the speed and weight of the en- 

gine’s moving parts may be constructed a curve of 

rotative effort showing the twisting strain upon the 

shafting at every point of its revolution. By this 

means the superiority of double over single, of triple 

over double, and of quadruple over triple cranks is 

made very apparent as regards their nearness of 

approach to regularity of crank effort, and a more 

intelligent idea may be formed of the fitness of the 

shafting to withstand the strain upon it. 

So far the indicator has been considered only in re- 

lation to the steam engine cylinuer, but it may be 

applied to the valve casings and motion obtained 

either from the crosshead or the valve spindle; it 

may also be applied to the pumps. In these cases its 

action is similar to that already described, and the 

figures obtained under various conditions are most 

interesting and instructive. The diagrams from a 

pump in good order are usually parallelograms with 

serrated corners; leakage of the plunger or of the 

suction valves causes rounding of the corners of the 

diagrams. Diagrams from pumps, although show- 
ing the action of the water within the pump cham- 
bers, do not indicate its true pressure if the ordinary 
springs are used, because these springs are correct 
only at the temperature of the steam for which they 
are marked. If used at any other temperature, and 
accuracy be desired, allowance must be made for the 
altered temperature, or suitable springs obtained 

from the makers. 

To the indicator and its intelligent use we are 
largely indebted for our advances in marine engineer- 
ing. It has been the means of revealing defects of 
arrangement and construction in the cylinders, 
valves, passages, etc., thereby apart from economy, 
improving the working of the engine, and by more 
uniform motion and better distribution of strain on 
the working parts, adding to the life of the machine. 
The indicator has been the means also of confirming 
the theory of liquefaction and re-evaporation in the 
cylinders, etc., and it has assisted designers to fur- 
nish a better proportioned, more economical, and bet- 
ter running engine. The genius, Watt, that gave to 
the world a commercially successful motive power, 
also placed in our hands an instrument which gives 
at once a measure of that power and an indication 
of its efficiency. 

During the recent Spanish war 4,216 members of 
the Naval Militia were enlisted in the regular navy. 
A favorable report on the Holland submarine boat 

has been made by a naval board and the boat will 
soon be subject to an actual war test, firing loaded 
projectiles at a floating vessel. Should this test be 
successful the boat will probably be purchased by 
the Government. 
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Ship’s Bell for U. S. S. Princeton. 

Our illustration shows the exceedingly handsome and 

artistic ship’s bell presented to the U. S. S. Princeton 

by the Alumni of Princeton University at the Navy 

Yard in Brooklyn, December 10. In addition to this 

bell ai well selected library of 600 volumes, with the 

necessary cases, and a silver punch bowl were pre- 

sented to the ship by the Princetonians. In dimen- 

sions the gift is rather larger than the regulation 

ship’s bell. It is made of bronze, and is loud and 

agreeable in tone. Thomas Shields Clark, a Prince- 

ton graduate, is responsible for the design, which 

shows old Nassau Hall in relief with the date of its 

foundation, 1746, as the central figure. The clapper, 

above the ring, shows the tiger, typical of Princeton, 

BELL PRESENTED TO U. S. S. PRINCETON. 

engaged in conflict with the bulldog, typical of Yale; 

emblematic of the athletic contests between these two 

great American universities. The presentation ad- 

dress was made by M. Taylor Pyne, of New York, 

and the bell was accepted in behalf of the ship’s 

company by Commander Clifford. H. West, U. S. N. 

The presentation was made the occasion of a very en- 

joyable social function. 

‘©THE DOCTOR ”’ AS MET WITH IN WESTERN 

RIVER STEAMBOAT PRACTICE. 

Many of our readers will recollect that more than 

a year ago we published an extensive description 

of an Ohio river steamer, the Queen City, as a repre- 

sentative example of western riyer practice. In de- 
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seribing the machinery of this particular steamer, 

mention was made that the old-fashioned ‘Doctor’ 

was missing, the boilers being supplied with feed 

water by two injectors of the most modern type. 

These injectors are certainly more easy to handle 

and occupy considerably less space; but while they 

can be used to advantage and give the best of satis- 

faction on the upper portions of the Ohio river, they 

could not be used in all localities on account of the 

excessive amount of sand and grit that is held in sus- 

pension by the water in certain districts lower down 

the river. This would cut away the injector tubes so 

rapidly that they could not be depended upon. For 

this reason the “Doctor” will hold his own in such 

localities, and remain a most important detail upon 

many of the western river steamers. 

Upon many of the lower river steamers the ‘‘Doc- 

tor’ will be found. standing in all of his ancient 

glory, having Corinthian columns, braced by Gothic 

arches, forming supports for the overhead working 

beam and other details; with all of the various con- 

necting rods ornamented with numerous collars, 

bands, beads and fillets, which testify to the vast 

amount of time and labor expended upon such work 

in former times. Occasionally an example is seen 

where the old style parallel motion is used, in place 

of the guide and cross head, as well as other re- 

minders of the past. Other types will be found, too, 

more simple in design, showing that they are of more 

modern construction. 

The ‘Doctor’ shown in the illustrations is one of 

the ‘modern school” and consists of a vertical beam 

engine, with crank and fly wheel, operating four 

pumps. Two of these are simple lift pumps, drawing 

water from the river and discharging it into open feed 

water heaters over head, while the other two are feed 

pumps taking their supply from the heaters and for- 

cing the water into the main boilers. Hach force and 

lift pump is designed to have ample capacity to feed 

the entire battery of boilers, so that any one of the 

pumps may be disconnected for examination or repair 

without danger, although in practice the machine is 

more perfectly balanced when all of the pumps are 

in service. 

The base plate, upon which the various details are 

erected, is deep, and contains numerous ports and 

passageways which form the water connections be- 

tween the various parts of the pump. The suction 

pipe, from the river, is connected with the vacuum 

chamber B, and communicates through a passage in 

the base casting with the suction side of the two lift 

pumps; the discharge from these pumps is also con- 

nected by similar passages to the columns C-C, which 

serve as discharge pipes, beam bearing columns, and 

heater supports. Near the center of these columns 

are located valves D-D, which can be closed to pre- 

vent the water in the heaters from returning at such 

times as it is necessary to open up a valve case for 

examination or repair. The heaters A-A consist 

of wrought iron shells riveted to cast iron heads 

through which the exhaust steam from the main en- 

gines passes on its way to the exhaust pipes. This 

exhaust steam comes in direct contact with coils of 

copper pipe that lie in the lower part of the heaters, 
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through which the feed water is forced and finally 

discharged below a diaphragm. Although the dia- 

phragm does not prevent the exhaust steam from 

coming in direct contact with the water, it acts as a 

baffle plate and also as an oil separator, being ar- 

ranged with an overflow pipe which prevents flooding 
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the head of water being sufficient to flood the valves 

and prevent the feed pumps from missing stroke on 

account of vaporization of the heated water. 

The lift pumps are fitted with long pistons, having 

cup leather packing in some cases, and in others 

square gum packing fitted into suitable grooves is 

Pr RONT ELEVATION 
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as well as to remove all oil that may float upon the 

surface of the water. 

Upon the opposite side are columns similar to C-C 

through which the heated water fiows to the base 

plate and to the suction valves of the feed pumps, 

used, while the feed pumps are arranged with out- 

side packed plungers haying deep stuffing boxes and 

heavy glands fitted to the pump barrels. 

The pump valves are fiat disks of brass properly 

guided and fitted to flat brass seats. The valves are 
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made extra heavy, being 2 1-2 in. thick in some cases, 

so as to avoid the necessity of springs and at the 

same time allow ample metal for the purpose of 

facing off, as it is often found necessary to true up 

these valves after a round trip. 

The engine portion of the outfit is simple in con- 

EXHAUST From 

MAIN ENGINES. 

END JE Liaw/AqHONs 
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ing parts are simple in construction and yery accessi- 

ble, and in the river service, working all kinds of 

water against high pressures the *“‘Doctor” has proved 

effective and economicai. There is room for improve- 

ment, however, and this is a good field in which the 

manufacturers of high grade steam pumps may show 

FEAR ELevarTioNn. 
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struction, as will be seen by an examination of the 

drawings, the most noticeable feature in the design 

being the manner in which the steam and exhaust 

pipes are utilized to form the supports for the guides 

upon which the cross head slides. All of the work- 

their skill in designing a “Doctor” that will be strictly 

of the “New School,’ be more economical than his 

predecessor, accessible, easy to repair and earn a 

position which will be at the very head of the ‘“pro- 

fession” for river service. 
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N extensive programme for additions to the 

Navy has been mapped out by Secretary 

Long, and will in all probability be agreed to by 

Congress. It contemplates the addition to the 

Navy of fifteen effective fighting vessels, ranging 

from battleships of the first class to third-class 

cruisers, rather larger than the present “Detroit”’ 

class. In detail the vessels recommended are: 
Three seagoing sheathed and coppered battleships of 

about 13,500 tons trial displacement, carrying the 

heaviest armor and most powerful ordnance for vessels 

of their class, and to have the highest practicable 

speed and great radius of action. Estimated cost, ex- 

clusive of armor and armament, $3,600,0c0 each. 

Three sheathed and coppered armored cruisers Of 

about 12,000 tons trial displacement, carrying the 

heaviest armor and most powerful ordnance for ves- 

sels of their class, and to have the highest practicable 

speed and great radius of action. Estimated cost, ex- 

clusive of armor and armament, $4,000,000 each. 

Three sheathed and coppered protected cruisers of 

about 6,000 tons trial displacement; to have the highest 

practicable speed and great radius of action, and to 

carry the most powerful ordnance suitable for vessels 

of their class. Estimated cost, exclusive of armor and 

armament, $2,150,000 each. 

Six sheathed and coppered cruisers of about 2,500 

tons trial displacement; to have the highest speed 

compatible with good cruisng qualities, great radius 

of action, and to carry the most powerful ordnance 

suited to vessels of their class. Estimated cost, ex- 

clusive of armament, $1,141,800 each. 

It will be noticed that all these vessels are 
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sheathed and coppered, a departure from our 

regular practice, though one much use in other 

navies, especially the British. The only vessels 

of this construction now in our service are the 

U.S.S. New Orleans, formerly the Amazonas, 

built in England for the Brazilian Government, 

and the U.S.S. Albany, now under construction 

at Newcastle-on-Tyne. This increase to the 

present fleets built or building would give a total 

of fifteen first-class battleships, five first-class 

armored cruisers, six first-class protected cruis- 

ersand nine third-class unprotected steel cruisers. 

The battleships proposed would be considerably 

larger than those now afloat or even than those 

recently contracted for. The armored cruisers 

would be very much larger than either the 

“New York” or “Brooklyn.” The first-class pro- 

tected cruisers would be rather larger than Ad- 

miral Dewey’s famous flagship U.S.S. Olympia, 

and, of course, possessed of many improvements 

in armor and armament and steaming capacity. 

The third-class cruisers would be practically a 

new type, and valuable additions to a class which 

is now represented by but three modern vessels. 

Altogether the programme is a well considered 

one, and if carried out will add greatly to the 

strength and dignity of the United States in its 

commercial relations with other maritime coun- 

tries. 
yy 

E have been asked why the Government 

W should expend a large sum of money in 

the construction of new vessels of the destroyer 

type, when among the personnel of the Navy 

there is such an efficient corps of torpedo-boat 

destroyers? (Well, the answer is simple enough: 

The true mission of a destroyer is to disable or 

render ineffective the torpedo-boats of the 

enemy, while the destroyers our questioner re- 

fers to are, unfortunately, charged with the 

operation of our boats, so that instead of a means 

of offense they become a menace to our fleets. 

Another gentleman, a member of the Society of 
Naval Architects and Marine Engineers, who by 

position and training is well qualified to 

speak, writes taking exception to a statement 

made by Lieutenant-Commander W. W. Kim- 

ball, U.S.N., in a paper by that officer read be- 

fore the recent meeting of the Society. This let- 

ter will be found elsewhere in these columns. 

The statement that our correspondent challenges 

reads: 

We have only very few officers of the Engineer 

Corps competent to give trained engineering super- 
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vision to those repairs on torpedo-boats which we at- 

tempt at Navy Yards, and those few are rarely avail- 

able for the duty. 

We cannot take the serious view of this state- 

ment which our correspondent does, and in fact 

we believe he lays ‘himself open to the charge of 

a lack of appreciation of humor. Allowing Mr. 

Kimball’s statement about the professional abil- 

ity or incapability of our engineer officers, is 

there not a delightful touch of infantile roguish- 

ness about his remark? After members of his 

command had done all in their power (not ma- 

liciously, only ignorantly) to render useless the 

boats intrusted to his care he complains that the 

engineers are not able to repair them. Just as 

a child might break his Christmas toy and then 

blame his parent for not having skill enough to 

mend it. Even taking our correspondent’s view 

he has, apparently, missed another subtle point 

of the doughty Lieutenant-Commander’s humor, 

for he has not noted the significance of the word 

“attempted” in the original. Mr. Kimball does not 

admit that the Navy Yards can make repairs at 
all, though he concedes they may “attempt” such 

repairs. There is a world of difference between 

repairs “attempted” and repairs “effected.” 

Many a boy with a mechanical turn of mind has 

“attempted” repairs to the family clock, only to 

be chastized for his pains. It was unfortunate, 

however, for Mr. Kimball to indulge in his humor 

on this point; he must have forgotten the old 

saying about living in glass houses. The facts 

in the case can be readily stated. When the 

Spanish war broke out there was at once felt that 

lack of trained naval engineers to which Commo- 

dore Melville, Engineer-in-Chief of the Navy, 

had called public attention time and again. So 

when the torpedo flotilla was assembled in home 

waters and placed in command of Lieutenant- 

Commander W. W. Kimball, there was only one 
engineer officer available for the entire lot of ves- 

sells—Passed Assistant Engineer O. W. Koes- 

ter, U.S.N., who was attached to the “Ericsson.” 

The flotilla consisted of the boats Ericsson, Por- 

ter, Rodgers, Dupont, Foote and Cushing. This 

gave one engineer officer to more than 14,000 

indicated horse power of the most delicate ma- 

chinery afloat. When the war was over and the 

vessels returned to the Navy Yard the condition 

they were in is thus described by Chief Engineer 
Melville in his official report: 

It is a sad fact that nearly every one (torpedo boats) 

has had some accidents, and the machinery of some at 

the close of the war was in a condition which can only 
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be described as horrible, where boilers were burnt, 

cylinder covers broken, pistons and valves stuck, and 

everything in bad shape. This condition of affairs 

seems attributable to two causes; the absence of trained 

engineering supervision, and the use of the boats for 

duty to which they were not adapted. 

What we fail to comprehend is how a com- 
manding officer, Lieutenant-Commander Kim- 

ball, in this case, who could get his boats into 

such an amateurish condition, could consider 

himself competent to judge of the professional 

skill of trained Naval Engineers. It looks very 

much like the cry of “stop thief” which the run- 

away raises to effect the escape of himself and his 

associates. 
NN 

T speaks much for the patience of the Ameri- 

can citizen that no indignant father or 

brother has laid the restraining hand on Mr. 

Richmond Pearson Hobson which the Navy De- 

partment should have promptly put forth. Has 

it lost all sense of perspective in gauging the pub- 

lic behavior of its representatives? It is not long 

since an Official court was called to inquire into 

the purely private and personal matter of an en- 

sign’s courtship, which, if unconventional, was 

manly and within the bounds of strict propriety. 

Yet we now have the spectacle of an officer, in 

whose professional attainments the Department 

has sufficient confidence to originally select him 

as the director of the post graduate class at An- 

napolis, on exhibition throughout the country as 

a public clown. To be sure Mr. Richmond Pear- 

son Hobson sank the “Merrimac” at Santiago, 
and the ensign, whose name we do not at the mo- 

ment recall, probably never did anything more 

than his duty. But if the Department plays fa- 

vorites it should not forget that the country, 

which pays for its Navy, has the right to demand 

that he who wears the uniform of a United States 

naval officer shall at least conduct himself as a 

gentleman. 
— ANNAN 

HE selection of Engineer-in-Chief George 

W. Melville, U.S.N., for the presidency of 

the American Society of Mechanical Engineers, 
is a source of great satisfaction to the marine en- 

gineering fraternity throughout the country, 

both naval and mercantile. His grand qualities 

as a man, his genius as an engineer, and his 

record as an naval officer are known wherever 

ships are known, and there is no gift in the pro- 

fession or out of it that he could not have by 

vote of the marine engineers of America. 
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EDUCATIONAL DEPARTMENT. 

CALCULATIONS FOR ENGINEERS—AN AID TO 

CANDIDATES FOR MARINE PAPERS—IV. 

BY DR. WILLIAM FREDERICK DURAND. 

Formule, 

A formula is simply a brief way of denoting a series 
of mathematical operations. Once understood, the 
directions given by a formula are much more readily 
followed than when given in the form of a rule. In 
fact a formula may be considered as simply a brief 
or short-hand way of expressing the same directions 
as are given by the rule in ordinary words. In 
formule, quantities are usually represented by letters, 
as in the well-known horse power formula: 

LHP. =ZP LAN 

33,000 

In this formula p denotes the mean effective pres- 
sure per square inch of piston area, J the length of 
stroke in feet, A the piston area in square inches, and 
N the revolutions per minute. 

In thus writing letters to represent quantities the 
sign of multiplication, x, is usually omitted. Thus in 
the foregoing the numerator 2 p L A N means the 
same as 2x pX L x A x N, or that the continued 
product is to be taken of these five factors. It must 
be noted, however, that where both factors are num- 
bers the sign for multiplication cannot be omitted. 
Thus, 23 does not mean 2 x 8, but 20 + 3 or 23. 
Division may be expressed by the usual sign, but it 

is more commonly indicated by writing the dividend 
as the numerator and the divisor as the denominator 
of a fraction. Or in general we multiply by putting a 
factor in the numerator, and divide by putting a 
factor in the denominator. Thus in the horse power 
formula the product 2 p L A N is to be divided by 
33,000. 
As a further illustration, take the formula 

In this formula p is the pressure per square inch in a 
boiler, 7 is the tensile strength of the material of the 
shell, ¢ is the thickness of the plate, and R is the half 
diameter or radius of the shell. The whole gives the 
pressure per square inch allowed by U.S. rules on 
marine boilers. The formula directs us, in order to 
finc«the desired pressure, to multiply together 7 and 
t and to divide the product by 6 times R&R; or, in the 
words of the U. S. rule: ‘‘Multiply one-sixth the low- 
est tensile strength by the thickness Bn 0G 
and divide by the radius or half diameter.” In this 
formula all dimensions are in inches and the result is 
the pressure per square inch allowed on the boiler. 
Thus let 7 = 60,000, ¢ = 1 14 in. and R = 6 feet or 72 
in. Then: 

pe 60,000 1.25 

672 

Take again the formula 

= 174 pounds per square inch. 

In this formula p is the pressure per square inch 
allowed on a flat surface of a boiler supported by 
staybolts, ¢ is the thickness of the plate expressed in 
sixteenths, and ZL is the pitch of the bolts, or distance 
from center to center. The formula thus directs us 
to multiply 112 by the square of the thickness of the 
plate in sixteenths, and then to divide the product by 
the square of the piteh of the bolts. Thus let the 
thickness be 9-16 in. and pitch be 7 in. Then we have: 

__ HIBS OS< @ 
p - = 185 pounds per square inch. 5 

( 
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As a last illustration take the following: 

ko A 
nk tad 

Such a formula directs us to multiply together 4 x 
p x A and then z or 3.1416 by K, and divide the first 
product by the second, and then take the square root 
of the quotient. To this we then add the quantity a, 
and the result is the value of d@ as desired. Thus if 
p = 160, A = 100, K = 6,000, and a = .2, we have: 

o 4 << 160 100 
1 S 70) = il. if = 2.0- 
Va 5< 6,000 * gee ee 

This is a formula for the diameter of piston rod in 
which d denotes the diameter in inches, p the pressure 
per square inch of piston area, A the area of piston in 
square inches, K the safe stress on the material in 
pounds per square inch of sectional area, and a a 
eal Re to be added to the result given by the 
radical. 

§9. GEOMETRY AND MENSURATION.: 

“d= 

{1] Square. 

A square is a figure, such as A B C D, having four sides 
all equal) and four angles all equal, each being a right 
angle. 
Draconat, A C. To find the length of a diagonal, A C, 

haying given a side of the square, as A B: 

B Cc 

A D 

Rule—Square the side, multiply by 2, and take the 
square root; 

or AC=V AB’; 

or Rule—Multiply the side by 1.4142. 
Example: A B = 16. Then A C= VW 2X 256 = 

V 512 = 22.627, 
OP 4l O'S 119 < ND = 2.627, 

_ArkA, A BCD. To find the area of a square, haying 
given the length of a side, as A B: 
Rule—Square the side, or multiply it by itself; 

or Area = 4B = A BX A B. 
Example: A B=6,. Then area = 6 < 6 = 36. 

8 The following definitions are here given as introductory to this 
section. Other definitions will be given as the terms are introduced. 
An angle is formed when two lines, 0 A and O B, having different 

directions meet in a point, as O. The angle refers, then, to the dif- 
ference in direction of the two lines, and its measure is a ineasure 

Cc 

Fig. a. Fie. b. 

of such difference in direction. An angle is usually denoted by 
three letters, the one at the apex being placed between the other 
two. Thus, in ig. a the angle would be called 4 O B or BO A. 
When a line, C D, meets another line, 4 B,in such way that the 

four angles at / are all equal, the two lines are said to be perpen- 
dicular to each other, or, in more common terms, one line is square 
wath the other. Anangle such as those formed at ZH is called a right 
angle. 
Au angle less than a right angie, as 4 O B, Fig. a, is called an 

acute angle. An angle greater than a rightangle,as #2 B, Fig. b 
is called an obtuse angle. 
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[2] Rectangle. 

A rectangle is a figure, such as A B C D, haying four 
sides, the opposite sides being equal and parallel (A B 

B 

D 

= D) Cand B C= A D), and four angles all equal, each 
being a right angle. 
DragonaL, B D. To find the length ofa diagonal, B D, 

having given the two sides, as B Cand C D: 
Rule—Square the two adjacent sides, add, and take 

the square root; 

or BD=V BO + OD. 
Example: BC =6,B D=8. ThenBD= V 36 + 64 

==sv7 0100) — 10: 
ArgEA, A BC D. To find the area of a rectangle, hay- 

ing given the two sides, as A Band A D: 
Rule—Find the product of the two adjacent sides; 

or Area = A BX AD. 

Example: A B= 6, AD = 8. Then area=6 X 8 
8. 

(3] Parallelogram. 

A parallelogram is any figure, such as A B CD, having 
four sides and four angles, the opposite sides being equal 

B FF Cc 

G 

H 

A Ee D 

and parallel, and the opposite angles being equal. 
ArgeA, A BCD. To find the area of a parallelogram, 

haying given a side and the perpendicular distance be- 
tween this and the side opposite : 

Rule—Multiply one side by the perpendicular distance 
between it and the side opposite; 

or Area=ADX EF; 

=alsoA BX GH. 

Example: AD=16, HF=9. Then area = 9X 16 
= 144. ‘ 

[4] Trapezoid. 

A trapezoid is any figure, such as A B C D, having four 
sides and four angles, two of the sides, as B Cand A D, 
being parallel. 

ArgEa, A BCD. To find the area of a trapezoid, hay- 

3 & © 

A [P D 

‘ing given the parallel sides and the perpendicular dis" 
tance between them : 

Rule—Multiply the half sum of the parallel sides by 
the perpendicular distance between them, 

Jo} (0) ae Al WD) 
or Area = (A) XxX EF. 

Example: BO = 10, A D.= 16, H F = 8. Then area = 
10 += 16 
( .) SB = 104, 

[5] Triangle. 

A triangle is any figure, such as A B C, having three 
sides and three angles. In a triangle placed as in the 
figure, A C'is called the base, and B D—the perpendicu- 
lar distance from B to A C—is called the altitude. 
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Any Srpz, A B. To find the length of any side, hay- 
ing given the triangle complete : 
Rule—Square the other two sides and add, and accord- 

ing as the angle between them is greater or less than 90 
degrees, add or subtract twice the product of one of 

a” 

E Za NS 
Poa Bar 

Hi \ 
/ N 

A D Cc 

these sides by the projection® of the other upon it. 
Then take the square root of the result thus found; 

wABSEV ACB BOa2A CL DE 
Similarly BC=V 4 Bo» AO =a OX AD, 
and AO=VABLBOL2BORCBE. 

Examples A OC=12; B C=9, DC=S&. Then 

A B=vV/ 144+ 81—2X12X 8=V 33=5.745. 

AREA. To find the area of a triangle, having given 
the triangle complete, or any side and its perpendicu- 
lar distance from the opposite vertex: 
Rule—Multiply any side by the perpendicular dis- 

tance from the opposite vertex to such side (produced, 
if necessary, to meet the perpendicular), and take half 
the product thus found; 
or take half the product of the base by the altitude; 

or Area =3(A CX BD), 

ll | 
thes enan wc x ys a ~— 

Example: A C= 120, B D = 32. 
X 32) = 1,920. 

2Let B D be drawn perpendicular to 4 C. Then D Cis called the 
projection of B Cupon AC. Similarly A Dis the projection of A B 
upon A C, A i’ the projection of 4 C upon A B produced, and F © 
the projection of A Cupon B C produced. 

Then area = 3 (120 

[6] Right-Angled Triangle. 

In a right-angled triangle one of the angles, as C, is a 
right angle. The side opposite is called the hypothenuse. 

B 

A Cc 

Hyporuenvse, 4 6. To find the length of the hypoth- 
enuse, having given the other two sides: 
Rule—Square the other two sides and add, and take 

the square root of the sum; 

oAB=V AO? + BO. 
Example: A C=9, BC=12. ThenAB=V 81 + 144 

= VV 225 —15. 
Sipz. A Cor BC. To find the length of one of the 

sides about the right angle, having given the hypothe- 
nuse and the other side: 
Rule—Square the hypothenuse and the given side. 

Subtract the squares, and take the square root of the 
difference; 

ordAC=V AB _ BO. 
Example: A B= 15, BC = 12. 

V 225 —144 = V 81 = 9. 
Area, d BC. To find the area of a right-angled tri- 

angle, having given the two sides about the right angle: 
Rule—Multiply together the two sides about the right 

angle, and take half their product; 

or Area =} (A CX BC). 

Mon Al C= 
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Example: A C=9, BC=12. Then area=}(9 X 
2)) = 54. 
These rules are special cases of those for the general 

triangle, as in [5]. 

(7| Trapezium. 

A trapezium is a figure, such as A B CD, having four 
angles and four sides, no two of the latter being parallel. 

y Cc 

A D 

ArgEA, A BCD. Tofind the area of a trapezium, hav- 
ing given the figure complete: 
Rule—Divide the trapezium into two triangles, and 

proceed with each separately, and then add. 

[8] Regular Polygons. 

A regular polygon is a figure, such as A B CD E, hay- 
ing any number of equal sides and a like number of 
equal angles. They are named as follows: 

Names. 
Triangle 
Square 
Pentagon 
Hexagon 
Heptagon 
Octagon 
Nonagon 
Decagon 

ArEs. To find the area of any regular polygon; as A 
BCD E, having given the figure complete: 
Rule—Divide the polygon into as many triangles as 

there are sides, the apexes all being at the center. Find 
ibe aréa of one of these, and multiply by the number of 
sides. 

[9] Irregular Figure. 

Area. To find the area of a figure, such as A B CD 
E FG, haying given the figure complete: 

G 

Rule—Divide into triangles in any conyenient way; 
proceed with each separately, and add the results. 

[10] Circle. 

A circle is a figure bounded by a curved line, every 
point of which is equally distant from a point within, 
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called the center. The distance across from one side to: 
the other through the center is called the diameter (see 
A Bor kG). The diameter is usually represented by 
D. The distance from the center to the curved boundary 
line is called the radius, and is plainly one-half the 
diameter (see A CO, F' C,etc.). The radius is usually 
represented by r. The curved boundary line, A f H B 

(= H 

K G 

G K A, is called the circumference. Any part of the cir- 
cumference, as A I’, F H. etc., is called an arc. 

CIRCUMFERENCE. 
given the diameter: 

Rule—Multiply the diameter by 3.1416, or more ex- 
actly by 3.1415927, or less exactly by 22. This ratio is. 
frequently denoted by the symbol z, 

or Circumference = 3.1416 Diameter — z D. 

To find the circumference, having 

Example: Diameter = 11. Then circumference = 11 
< 3.1416 = 34.5576. 

DIAMETER. To find the diameter, having given the 
circumference: 

Rule—Divide the circumference by 3.1416, or more ex- 
actly by 3.1415927, or less exactly by 22, 

or Diameter = Circumference — 3.1416, 
or Diameter = Circumference X .31831. 

Example: Circumference = 48.7. Then diameter = 
48.7 — 3.1416 = 15.50 + 

Arba, A H BK. To find the area ofa circle, haying 
given the diameter or the radius: 

Rule—Multiply the square of the diameter by .7854 or 

or multiply the square of the radius by 3.1416, 

or find half the product of the radius by the circum- 
ference, 

nm D2 
or Area = .7854 * (Diameter)? = lo 

== 3.1416 & (Radius? = 7 r?, 

= 4 (Radius Circumference). 

Then area = .7854 < 100: Example: Diameter = 10. 
= 78.54. 

Leneru or Arc. To find the length of an are, as 4 F, 
having given the corresponding number of degrees and 
the circumference or diameter: 

Rule—Divide the circumference by 360, and multiply 
by the number of degrees in the arc; 
or multiply the number of degrees by .008727 and the. 

product by the diameter, 

Circumference 
or Length A F#= 360 > (Number of Degrees), 

or Length A # = (Number of Degrees) < .008727 
Diameter. 

Example: Find the length of an arc of 60 degrees in a 
circle whose diameter is 20. 

Length = 60 X .008727 & 20 = 10.4724. 

{11] Cireular Ring or Annulus, 

The surface lying between two circles, as shown by 
the shaded part of the figure, is called a circular ring or 
annulus. 

AreEA. To find the area of a circular ring, having 
given the radii of the two circles: 
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Rule—Find the difference between the areas of} the 
two circles, 

or Area=3.1416 0 B’— 3.1416 0 A’ =3.1416(0 B — O 4’). 

[12] Sector of Circle. 

The surface lying between two radii and the cor- 
responding part of the circumference, as shown by the 
shaded part of the figure, is called the sector of a circle, 
or a circular sector. 

AreEA, A BO. To find the area of the sector of a circle, 

having given the corresponding number of degrees and 
the diameter: Est 
Rule—Find the area of the entire circle, divide by 360, 

and multiply by the number of degrees in the sector; 

Area of Circle 

360 
or, by proportion, 360°: Number of Degrees in Sector : : 

Area of Circle : Area of Sector; 

or, otherwise, find half the product of the arc by the 
radius, 

or Area=3(O0AX AB). 
Example: Find the area of a sector of 60 deg. in a circle 

whose radius is 10. 
Area of entire circle = 78.54, 

78.54 78 .54 i 
hence Area = 360 60 = a = 13.09. 

or Area = (Number of Degrees in Sector); 

{13] Segment of Circle. 

A line, such as 4 B, cutting across a circle is called a 
chord. A part of the surface of a circle between a chord 

and the circumference, as shown by the shaded part of 
the figure, is called a segment of a circle. 

Arga, A CB. To find the area of the segment of a 
circle, having given the angle, A O B, and the diameter 
or radius of the circle: 
Rule—Find the area of the sector, O A OB, as in [12], 

and of the triangle, O A B, asin [5], and subtract the 
latter from the former; 

or Area=3 (A CBX OA—OEX AB). 

Example: OA =10,O H=5, A B=17.32, ACB = 
20.944, 

then Area = 3 (20.944 « 10 —5 X 17.32) = 61.42. 

[14] Ellipse. 

If the surface of a circle, as shown by the dotted line, 

MARINE ENGINEERING. 37 

be uniformly stretched in one direction (horizontal in 
the figure) until the diameter, 4, B,, becomes equal to 
A B, the circumference will be changed into a curved 

line, A ( BD, and the figure thus formed is called an 
ellipse. The two lines, A B and C D, are called the 
diameters of the ellipse. 

Arga, A CBD. To find the area of an ellipse, hay- 
ing given the two diameters: 
Rule—Multiply the product of the two half diameters 

by 3.1416, 
or Area = 3.1416 X OCX OB. 

Example: O C==5,O0B=8. Then area = 3.1416 < 
5X 8 = 125.664. 

[15] Figures With an Irregular Contour. 

To find Arra, A B C D, representing, for example, an 
indicator card. This cannot be done with absolute ex- 

Sona Eaneey cia | Si ZNO RNC. CaN ai 1 ea 

actness, but there are a number of rules for finding the 
approximate area as closely as we may desire. 

Divide the base O X into any appropriate number of 
intervals, usually 10 for an indicator card, and draw 
lines across the card as shown. 

Rule (1)—(Trapezoidal). Measure the successive ordi- 
nates or breadths on the full lines and from their sum 
subtract one-half the sum of the end ordinates. Multi- 
ply the remainder by the length of the internal or by 
O X —10, and the product is the area desired; 
or calling the breadth y, y,, y., ete., we have by 
formula in this case. 

OX 
Area ="49 (2 Yo ti + Y2 + Yat Ys + Yet Yet it Ys 

+ Yo + 2 Yr) 

As a slightly different and preferable mode of pro- 
cedure with this rule we may measure the breadths 
midway between the lines of clivision as indicated by 
the dotted lines. Their sum, without modification, is 
then multiplied by the length of the interval as before. 
Any number of spaces as desired may be employed 

with this rule. 
Rule (2)—(Simpson’s or Parabolic). 

nates as before. 
Take: Once the first and last. Four times every 

other one beginning with the second. Twice the re- 
maining. 

(These multipliers are shown in the figure below the 
line OX.) 
Add the products and multiply by one-third the in- 

terval, or in this case by O X — 30; or by formula in 
this case: 

OX 
Area =~99 (Yo +441 1 2Y2 + dys + 2yi + 445 + 2y6 + 4y2 

+ 2Y3 + 44> + Yao) 

Measure the ordi- 



38 

With this rule the number of spaces must be even. 
Rule (3)—(Durand’s). Measure the ordinates as be- 

fore. To their sum add one-twelfth the sum of those 
next the end and subtract seven-tweliths of those at the 
end. Multiply the result by the interval and the prod- 
uct is the area desired; 
or by formula in this case: 

OX ( YotIHYsFYstYstYs+Ye+Yr+YstYotYro 
Area = 719 4 tes (Yi + Yo) . 

—1e YotYr0) 
With this rule any number of spaces as desired may be 
employed. 
The measurement and addition of ordinates as in 

rules (1) and (8) may be quickly effected by means of a 
strip of paper on which their lengths are marked off 
directly from the card and without the use of a scale, 
joining the end of one to the beginning of the next and 
thus effecting mechanically the addition desired. 

To a reduced scale the strip when marked would re- 
semble Fig. 16, the ordinates being as indicated in the 

[SEI 
A B 

margin. 
of a scale. 

Example: Suppose that the ordinates of an irregular 
area at one-half inch intervals are found by measure- 
ment to be as follows in column (1): 

(1) (2) (3) 
—Ordinates. Multipliers. Products. 

44 

The sum total is then directly found by means 

Yo 44 1 
YW ‘1.42 4 5.68 
Yo 1.61 2 3:22 
Y3 1.56 4 6.24 
Ya 1.51 2 3.02 
Ys 1.46 4 5.84 
Ye 1.20 2 2.40 
Yr 95 4 3.80 
Ye ol 2, 1.42 
Yo 49 4 1.96 
Yr0 18 iL 18 

Sums 11.53 34.20 

We then have, according to rule (1): 

Sum of ordinates = 11.53 
%$ sumofends...= .31 

Difference... = 11.22 
Interval ........ = 5 

z Area = Product = 5.61 square inches. 

According to rule (2), we have the multipliers and 
products as given in columns (2) and (8). 
We then have: 

Area = 4 X .5 X 34.20 = 5.70 square inches. 

According to rule (3), we have from column (1): 

Sum of ordinates ..... = 101683 
7g Sum of next toends = __—.16 

SUM is seice ieee = 11.67 
q Sum of ends)... .... = a8 

Difference........ = iil Sil 

Area = .5 & 11.31 = 5.66 square inches. 

Areas of irregular figures, such as indicator cards, ete., 
may also be found by an instrument called the plan- 
imeter. In this instrument a pointer is traced around 
the contour of the figure, while the area is read off from 
a wheel, which is given appropriate motion by the 
movement of the pointer. Such instruments, with in- 
structions for use, may usually be obtained from the 
makers of steam-engine indicators or from dealers in 
mathematical instruments. 
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{16] Prism. 

A prism is a solid body, bounded by two equal and 
parallel ends and by three or more sides or faces, form- 
ing at their junction a like number of parallel edges. 
When the sides are perpendicular to the ends, and 

a 

are therefore all rectangles, the solid is known as a right 
prism. 
When the sides and ends are all squares, the solid is 

known as a cube. 
Surrace. To find the surface of any prism, having 

given the figure complete: 

Rule—Find the area of the base (or top) by such of 
the preceding rules as may be appropriate. For the 
side or lateral surface, multiply the perimeter or bound- 
ary of the base by the perpendicular or shortest dis- 
tance between any two corresponding lines of the base 
and top (as K Lin Fig. a). 

VotumE. To find the volume of any prism, having 
given the base and altitude: 

Rule—Multiply the area of the base or end by the 
altitude or perpendicular distance between the two ends. 

Ricutr Prism. In aright prism the preceding general 
rules hold, but the lateral faces are all rectangles, and 
the perpendicular distance between their ends, as K L; 
the length of an edge, as M N, and the altitude or per- 
pendicular distance between the ends, all three become 
equal. 

Ricur Prism, wirH ReEcraAncuLAR Base. In a solid of 
this character (see Fig. 6) the preceding rules still 
hold, but the sides and ends are all rectangles, and the 
rules may be simplified as follows: 

For the LATERAL SuRFACE: 
Rule—Multiply the perimeter of the base by the 

altitude, 

or Lateral Surface = Length 4 BCD X A EF. 
For the Votume:. 
Rule—Multiply together the length and breadth of 

base and the product by the altitude, 

or Volume =ABXAD XA E. 

Example: A B= 8, A D=6, A FE =.10. Then lateral 
surface = (8 +6+8+ 6) X 10 = 28 X 10 = 280, and 
volume = 8 X 6 X 10 = 480. 

[17] Cylinder. 

A solid with equal circles for base and top, and with a 
curved lateral surface, is called a cylinder. If the center 

EC x 

D 

of the top is vertically over the center of the base, the 
solid is called a right cylinder. 

Larerai, SurFAcE or Rieur CyninpEr. To find the 
lateral surface of a right cylinder, having given the 

, diameter of base and the altitude: 
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Rule—Multiply the circumference of the base by the 
altitude, 
or Lateral Surface = Circumference A BCD X A HE = 

3.1416 x A CX A LE. 
Example: A C =10, A HE = 20. Then lateral suriace 

= 3.1416 < 10 XK 20 = 628.32. 
Voutumer or Riaur Cyztinper. To find the yolume of 

a right cylinder, having given the base and altitude: 
Rule—Multiply the area of the base by the altitude, 

or Volume = Aread BOD SX A E=.7854 A C x A #. 

Example: A OC = 10, A E = 20. Then volume = .7854 
100 K 20 = 1,570.8. 

[18] Any Solid with a Constant Section Parallel to the 

Base, Either Right or Oblique. 

Such a solid is the general case of which the prism 
and cylinder are but special examples. The rules will 
therefore be similar to those of [16] and [17]. 

Surrace. To find the surface of such a solid, having 
given the figure complete: 
Rule—Find the area of the base (or top) by such of 

the preceding methods as may be appropriate. For the 
side or lateral surface, multiply the perimeter or bound- 
ary of the base by the perpendicular or shortest distance 

between any two corresponding lines of the base and 
top (as K L in the figure); 

or Lateral Surface = Length A BCD EA X K L. 

_ VOLUME, To find the volume of such a solid, having 
given the figure complete: 
_ule—Multiply the area of the base by the perpen- 

dicular distance between the base and the top, 

or Volume = Area of Base X Vertical Altitude. 

Example: Area of base = 120, altitude = 40. Then 
volume = 40 < 120 = 4,800. 

[19] Wedge. 

A right prism with a triangular base, having two sides 
equal, as A Cand B (, is called a wedge. 

t find the SurFAcE or VoLuME, use the same rules as 
in [16]. 

[20] Right Pyramid. 

A solid, bounded by a base and by triangular sides 
meeting in a point or apex, as P, is called a pyramid. 
If the base is a regular polygon [8] and the apex is 
vertically over the center of the base, the solid is called 
a right pyramid (see figure). 
_Laverat Surrace. To find the lateral surface of a 

‘right pyramid, having given the figure complete: 
Rule—Take one-half the product of the perimeter or 

boundary of the base by the perpendicular or shortest 
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distance from the apex to one of the sides of the base, 
as P F, Fg eh 

i Length A BCDEA XxX PF 
or Lateral Surface = 5) ‘ 

Votume. To find the volume of a right pyramid, hay- 
ing given the base and altitude: 

Pp 

A D 
F 

B 

Rule—Take one-third of the product of the area of the 
base by the altitude, as P O, 

(Area of Base) & (Altitude) 
or Volume = 3 5 

Example: Area of base = 180, altitude = 16. Then 
WO SIG 

volume = 3 = 960. 

[21] General Pyramid. 

For definition see [20]. 
Larerau Surrace. To find the lateral surface of any 

pyramid, having given the figure complete: 
Rule—The surface will consist of a series of triangles, 

similar or not, according to the nature of the pyramid. 

These must be computed according to the rules for tri- 
angles and the results added. : 

Voutume. ‘To find the yolume of any pyramid, haying 

given the base and altitude: 
Rule—Take one-third the product of the area of the 

base by the vertical altitude, as G H, 
(Area of Base) X G H 

or Volume = 3 

. Example: Area of base = 48, GH=18. Then vol- 

48 X 18 
ume = 3 == Wehs), 

[22] Right Circular Cone. 

Any solid having a base with curved or irregular 

boundary, an apex, and straight sides, is called a cone in 

general. If the base is acircle and the apex is verti- 

E 

A C 

D 

cally over the center, the solid is called a right circular 
cone (see figure). - 
LareraL Surrace. To find the lateral surface of a 

right circular cone, haying given the base and the slant 
height: 
Rule—Take one-half the product of the circumference 

of the base by the slant height, 
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; Circumference A B CDA Xx A E 
or Lateral Surface = 5) . 

Example: Diameter = 10, A H = 20. Then surface = 
3.1416 * 10 K 20 

NS = 314.16. 

Vouume. To find the volume ofa cone, as in Fig. 23, 
having given the base and altitude: 
Rule—Take one-third the product of the area of the 

base by the altitude, 
Area of Base A BCD X EF 

or Volume = 3 

Example: Diameter = 8, H F=15. Then volume = 
. 7854 & 64 &< 15 ND = 510, 

Oo 

[23] General Cone. 

For definition see [22]. 

Votume. To find the volume of any cone, haying 
given the base and vertical altitude: 

F Rule—Take one-third the product of the area of the 
base by the vertical altitude, as 7 G, 

Area of Base F G 

3 ; 
Example: Area of base = 240, FG = 40. Then volume 
240 XX 40 
= = 8700, 

or Volume = 

[24] Frustrum of Right Pyramid. 

The ‘solid contained between the base of a pyramid 

« 

anda parallel plane, as H I’ G H, is called the frustrum 
of afpyramid. 

Lateran Surrace. To find the lateral surface of a 
frustrum of a right pyramid, having given the figure 
complete: 

FY Rule—Add the perimeters or boundaries of the base and 
top, and multiply the sum by one-half the perpendicular 
or shortest distance between two corresponding lines of 
the base and top, as J J, ; 

L hA BCD+Length HF GH) I. OTe aay ell ength A BC D+ one LEE GH) XII 

A510, ADSI, 9 FS iS TD, 
44 426-4) X 5 FRipea ie (ese ON re. Then surface = 2 

Vouume. To find the volume of a frustrum of a right 
pyramid, having given the base and top and vertical 
distance between them: 

Rule—Add together the areas of the base and top and 
the square root of their product, and multiply the sum 
by one-third the vertical altitude, as K L, 

—ABCD+ERG H+V ABCDXEFGH)X KL 
3° 

_ Example: 

or, Vol. 
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Example: Area A B C D = 100, area E F GH = 42, 

KL=12 (:00 + 42 + VW 4,200) X 12 
yf . 3 

= 827.2. 

Then yolume = 

[25] Frustrum of General Pyramid, as (21). 

To find the LarreraL SURFACE: 
Rule—The surface will consist of a number of trape- 

zoids, similar or not, according to the nature of the 
frustrum. These must be computed according to [4] 
and the results added. 

To find the VontuME: 
Rule—Same as for [24]. 

[26] Frustrum of Right Cone. 

The solid contained between the base of a cone and a 

parallel plane, as H F' G H, is called the frustirwmn of a 
cone. 

Larerat Surrace. To find the lateral surface of a 
frustrum of a right cone, haying given the base and top 
and slant height: 
Rule—Add the circumference of the base and top, and 

multiply the sum by one-half the slant height, as A EH, 

(Cir. A BC D+ Cir. EF GH)X AE 
or Lat. Surface = 2 . 

Example: Diameter A C = 12, diameter 2G = 10, A E 
(8.1416 X 12 + 3.1416 X 10) & 8 

= 8. Then surface = > 

= 276.47. 
Votume. To find the volume of a frustrum of a right 

cone, haying given the base and top and vertical alti- 
tude: 
Rule—Same as for [24]. 
Or in slightly different form, we have the following: 
Rule—Add together the square of the upper diameter, 

the square of the lower diameter, and their product, and 
multiply the sum by the vertical altitude and by the 
number .2618, 

or Volume = .2618TJ(EFG+tAC+LEGX<A OC). 
Example: EG=6, A C=8, I J=4. Then volume 

= .2618 & 4 (386 + 64 + 48) = 155. 

{27] Frustrum of General Cone, as [23]. 

To find the Vorumr: 
Rule—Same as for [24]. 

[28] Sphere. 

A solid inclosed by a curved surface, every point of 
which is equally distant from a point within called the 
center, is called a sphere. The distance, 4 Bb, from one 

side to the other through the center is called the diam- 
eter. The distance, A O, from the surface to the center 
is called the radius, and is plainly one-half the diameter. 

Surrace. To find the surface of a sphere, having 
given the diameter: 
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Rule—Square the diameter and multiply by 3.1416, 

or Surface = 3.1416 (Diameter)?. 

Example: Diameter = 20. Then surface = 3.1416 
400 = 1,256.64. 

VotumeE. To find the volume of a sphere, haying 
given the diameter or radius: 

Rule—Multiply the cube of the radius by 4.1888, 
or multiply the cube of the diameter by .5236, 

or Volume = 4.1888 A 0’. 

5236 AB’. 

[29] Volume of Ivsegular Shape. 

Volumes of irregular shape in which the areas of a 
series of equally-spaced sections may be found. 
Rule—Find the areas of a series of equally-spaced 

cross sections and treat them by the rules given in 
[15], using areas for ordinates. The result will give the 
volume desired. 

Examples: 
(1) Find the volume of an irregular box, 12 feet long; 

area of one end, 6 square feet; of the other, 15 square 
feet, and of a section midway between, 10 square feet. 
The interval is 6 feet. 

Then, with Simpson’s rule, 
Volume = § & (6+ 4 & 10 + 15) = 122 cubic feet. 
(2) Find the volume of a coal bunker, 20 feet long, 

having cross sections every 4 feet, as follows: 
Taking rule (3), in [15], we find the result as below: 

or Volume = 

Square Feet. 297 
A, = 40 8.3 
A, = 46 -— 
A, = & 305.3 
Ae = OY 55.4 
A, = 54 
A, = & 249.9 

999.6; or, say, 1,000 cubic feet. 

[30] Volume Generated by Any Area Revolving About 
an Axis. 

Example: Torus or Riva. 
Surrace. To find the surface of a ring, haying given 

' the necessary dimensions: 
Rule—Multiply the length of the generating line by 

the length of the path followed by its center of gravity. 
Example, as in the figure. 
The length of the generating line is 2 z r. 
The length of the path of the center, (, is 2 7 a. 
The surface is .-.27rX27a=472ar. 
Votume. To find the volume ofa ring, having given 

the necessary dimensions: 
Rule—Multiply the generating area by the length of 

the path traveled by its center of gravity. 
Example, as in the figure. 
The generating area is 7 7°. 
The length of the path of the center, (, is 2 7 a. 
The volume is .°. 2 22-a 7. 
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HELPS FOR CANDIDATES FOR [MARINE EN= 
GINEERS’ LICENSES—FUELS—I. 

BY DR. WILLIAM FREDERICK DURAND. 

§1 COAL, 

[1] ComPposITION AND GENERAL PROPERTIES. The 
principal fuel for engineering purposes is coal. It con- 
sists of the following chief substances: 
(A) Unerystallized Carbon. 
(B) Volatile Hydrocarbons. Hydrocarbons are chemi- 

cal substances formed of carbon and hydrogen in 
certain proportions. They often become partially oxi- 
dized' by the union of part of their hydrogen with 

oxygen, in the same proportion as in water. Upon the 
application of heat to the coal they escape in the 
form of gas, and are hence said to be volatile. 

(C) Nitrogen and Oxygen. These gases, the constitu- 
ents of air, are also found, the latter in addition to 
the amount joined to the hydrogen as above referred 
to. 

(D) Sulphur. This is found in small amounts, 
chiefly as a part of the mineral known as iron pyrites?. 

The proportion of sulphur is rarely above three per 
cent and usually mueh less. 

(EH) Ash. This consists of the earthy and incom- 

bustible substances present as impurities in the coal. 

Coal may be roughly divided into two chief vari- 
eties, Anthracite and Bitwninous, with intermediate 
grades, Semi-anthracite and Semi-bitunvinous occupying 
the general middle ground between the two. In the 
present chapter we shall frequently use the terms 
anthracite and bituminous as denoting the general 
division into the two chief varieties, as above noted. 
Anthracite coal is sold commercially in hard, com- 

pact lumps, showing a shiny, smooth surface when 
first broken. Bituminous coal is relatively soft and 
is sold commercially in lumps of irregular size. It 
crumbles easily, showing often a rather dull surface 
when broken. 

In anthracite coal the proportion of volatile matter 
varies from 8 to 10 per cent; in semi-anthracite and 
semi-bituminous, from 10 to 20 per cent, and in bitu- 
minous, from 20 to 50 per cent. The amount of ash 
in good coal should not exceed from 8 to 10 per cent, 
while occasionally it falls as low as 5 per cent. An- 
thracite coal is graded commercially, according to 
size, the chief terms being the following, in the order 
of increasing size: Buckwheat, pea, chestnut, stone, egg, 
broken and lump. 

[2] ComMBUSTION. 
Combustion means simply the chemical union of a 

substance with oxygen. The oxygen is furnished by 
the air which contains oxygen and nitrogen. These 
in air are not in chemical union, but simply as a mix- 
ture, in the proportion by weight of twenty-three 
parts oxygen to seventy-seven parts nitrogen in 100 
parts of air. When bodies enter into combustion, or 
into combustion with oxygen, heat is set free, and 
the products formed by the combustion are yery 

much hotter than the original fuel and oxygen. 
The manner in which coal burns, or enters into com- 

bustion, depends upon its composition and upon the 
nature of the fire and the supply of air. The elements 
available for the liberation of heat are the carbon 
and the hydrogen. Small quantities of sulphur are 
frequently present, but the amount is so small and 
the heating power so feeble that its influence may be 
neglected. A pound of pure carbon requires for its 
complete combustion, 2 2-8 pounds of oxygen, and the 
result is 3 2-3 pounds of carbonic acid or carbon dioxide 
in the form of gas. ‘‘‘he total amount of heat set free 
in this operation is about 14,500 heat units. Now, 
since the proportion of oxygen in the air is about 23 

1 Oxidised means united with oxygen. 

2Tron pyrites is a mineral formed of iron and sulphur in the pro- 
portion of 46.7 parts of iron to 53.3 of sulphur. 
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per cent, the number of pounds of air required per 
pound of carbon will be 2 2-3+.23, or 2.66+.23, or 
about 12. Similarly a pound of pure hydrogen re- 
quires for its complete combustion, 8 pounds of oxy- 
gen, and the result is 9 pounds of water vapor. The 
total amount of heat set free in this operation is about 
62,000 heat units. In the same way as above, it fol- 
lows that the combustion of a pound of hydrogen 
will require the presence of 8+.28, or about 35 pounds 
of air. The amount of hydrogen, however, is usually 
small, and allowing for the ash the amount of air 
necessary to barely furnish the oxygen required for 

one pound of fuel is about 12, or substantially the 
same as for one pound of carbon. In practice, how- 
ever, it is found that this would be insufficient to 
maintain the draft, nor could we expect that the air 
would be so distributed as to give exactly the right 
amount of oxygen at the right place. It is, therefore, 
necessary practically, to provide a large excess of air 
and the amount actually passing into the furnaces 
is usually not less than 18 or 20 pounds per pound 
of coal, and may even considerably exceed this 
amount. 

Let us now consider the process of combustion with 
bituminous or semi-bituminous coal. When such coal 
is put on the fire the first result is not a combustion 
of the carbon, but a distillation or driving off of the 
hydrocarbons in the form of gas, and until this opera- 
tion is nearly completed there will be little or no com- 
bustion of the carbon. During this first operation of 
distillation, heat is absorbed by the fresh coal from 
the remainder of the fire for the liberation of these 
gases which are substantially the same as those form- 
ing ordinary illuminating gas. After these gases are 
liberated from the coal they rise into the furnace and 
combustion chamber. Here, if they meet with a suit- 
able supply of air at a proper temperature, they will 
be burned, both carbon and hydrogen, and will thus 
set free all the_heat which is obtainable from them. 
If the air is insufficient in amount the gases will be 
only partly consumed, the oxygen uniting most 
readily with the hydrogen and leaving the carbon in 
fine particles to form smoke or soot, according as they 
float away with the products of combustion, or be- 
come closely packed together on some of the surfaces 
of the boiler. If the air is not sufficiently hot like- 
wise, we may have a partial combustion resulting 
in burning the hydrogen into water vapor and in set- 
ting the carbon free as smoke or soot as before. 1Gy, 
however, the temperature is too low the gases may 
become chilled and pass off as a whole unburnt, thus 
carrying away not only their own heat of combustion, 
but also the heat which was absorbed for their libera- 
tion. If, on the other hand hydrocarbon gases are 
subjected to a very high temperature before being 
mixed with the air, they will become more or less 
brokn up into free hydrogen and carbon in fine par- 
ticles. If these are kept at a temperature high enough 
for ignition and are supplied with oxygen, they will 
burn; but if they fall below the proper temperature 
they pass off unburnt, the carbon constituting smoke 
or soot, as before. Smoke is therefore the Sign of a 
fuel containing hydrocarbons, and of a more or less 
imperfect combustion. The actual amount of fuel 
lost in ordinary smoke is, however, very small; so 
small that it is usually considered as having no sig- 
nificant influence on the question of economy. Hence, 
smoke prevention is often considered as hardly worth 
special effort, so far as the saving of fuel alone is con- 
cerned. There may be other losses, however, in con- 
nection with the general condition of which smoke 
is an indication, and any mode of design and of gen- 
eral operation which reduces the smoke formation 
will usually tend toward economy of combustion. 
; We have already seen that the conditions for burn- 
ing the hydrocarbon gas are high temperature and 
an air supply above the grates and in the combustion 
chamber. We have here, then, one of the reasons for 
providing openings for the proper admission of air 
above the grates as well as underneath. 
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Let us now return to the residue left on the grates 
after the escape of the hydrocarbon gases. During 
this part of the operation certain kinds of bituminous 
coal swell up and cake more or less firmly together 
on the grate. Such are called caking coals. The 
swelling up is due to the formation of gas in the midst 
of the coal and to its efforts to escape, while the 
caking is due to a partial softening or melting of the 
substance under heat as the hydrocarbons are set 
free. Other kinds of bituminous coal undergo little 
change in their external form, while still others break 
up into small particles or grains. Those latter vari- 
eties are called non-caking or free-burning coals. In 
any case the residue,.after the hydrocarbons are set 
free, is called coke and consists of nearly pure carbon 
with ash. 

As we have already seen the carbon burns by 
uniting with oxygen, and this must take place at the 
burning lump itself. Hence, it is necessary that 
the air should penetrate thoroughly all parts of the 
fire, and to this end it is brought in, in part at least, 
under the grate and by the draft pressure is forced - 
upward through the mass of burning coal. If the 
fire is rather thick the operation proceeds in the fol- 
lowing way. The carbon and oxygen first unite in 
complete combustion, 1 pound of carbon to 2 2-3 
pounds of oxygen, and the product, carbon dioxide, 
proceeds upward through the fire. As this gas comes 
in contact, however, with the cooler coal in the midst 
or near the top of the bed of fuel it absorbs some 
of the carbon and becomes changed to a combination 
in the proportion of 1 pound of carbon to 1 1-8 pounds 
of oxygen. This gas is called carbon monoxide. In 
this operation also is absorbed back again more than 
two-thirds of the heat which the first combustion had 
liberated. If the gas should escape unburnt, a seri- 
ous loss would result, as only about 4,450 heat units 
or less than one-third of the heat available in the car- 
bon would have been liberated. If, however, the gas 
finds air above the grate and a suitable temperature, 
the carbon which was absorbed is burnt out again 
and the corresponding heat is given back, so that 
the final result is the completed combustion of the 
carbon and the liberation of all the heat possible. 
The formation of carbon monoxide in this way shows 
again the need of admitting air over the grate, as 
well as underneath. This gas burns with the peculiar 
blue fiame so often seen, especially after a fresh firing 
with anthracite coal, and the presence of this flame 
thus indicates the formation and recombustion of 
carbon monoxide in the way described. After the 
coal has all been thoroughly ignited and raised to 
a bright glowing heat, the combustion into carbon 
dioxide is completed at once, and there is little or 
no formation of carbon monoxide to be burned as a 
gas above the grate. The thinner the fire the more 
quickly is this condition reached. 
The combustion of semi-anthracite and of anthra- 

cite coal proceeds in the same general manner as for 
bituminous coal, except that the period of distillation 
becomes shorter and less important as the proportion 
of hydrocarbon is decreased. It thus results that an 
ordinary anthracite coal burns almost entirely in the 
manner deseribed for the coke residue. of bituminous 
coal, except than in consequence of the lower tem- 
perature of the fuel during the early stages of com- 
bustion, there is apt to be a more pronounced forma- 
tion of carbon monoxide for the combustion of which 
there must be a supply of air above the grate as 
already noted. 

[3] IMPURITIES IN COAL. CLINKER FORMATION. 
The chief impurities in coal may be divided as fol- 
lows: (A) Nearly infusible slate, stone, and earthy 
matter, either in separate lumps or distributed 
through the coal as a whole, thus giving it a low 
carbon value. (B) Mineral materials more or less 
fusible, and thus capable of melting and forming a 
slag which uniting with the ash and slate forms 
clinker. Substances liable to be present in coal and 
which are more or less fusible at the high temper- 
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atures in the furnaces are: Potash, soda, lime and 

silica. The melting point of these substances is also 

considerably lowered by mixing with iron oxide, 
which is always formed by the oxidation or com- 

bustion of iron pyrites. The presence of this sub- 

stance in the coal will thus result in lowering the 

melting point of the other mineral earths and impuri- 

ties, and in the greater liability to form clinker. 

This formation of clinker may be so considerable as 

to seriously interfere with the combustion of the coal, 

and in such cases its removal must be carefully 

attended to from time to time in order to keep the 

fires in good condition. 
Iron oxide, or common iron rust as we call it more 

familiarly, will give to the ashes a reddish tinge so 

that such a color noted in the ash may usually be 

accepted as an indication of the presence of iron 

pyrites in the coal, with the various results which 

haye been already noted. Its presence in any con- 

siderable amount is also usually shown by a yellowish 
or brassy appearance of the coal. For the formation 
of little or no clinker a coal should have little or no 
alkali, lime, or pyrites. Such coal in burning gives 

a nearly white, soft and friable ash. 
[4] WEATHERING OF Coat. When coal is exposed 

to the air and weather for a considerable period of 
time there is a slow absorption of oxygen, and thus 
a real combustion and wasting of the fuel value of 
the coal. It thus results that the coal during this 
operation is really burning up, though at a rate so 
slow that the heat developed is hardly appreciable 
and the change in the outward appearance of the 
eoal is so gradual as to escape ordinary notice. The 
hydrocarbons are much more readily subject to this 
operation of gradual oxidation or combustion than 
pure carbon, the latter entering only with great 
difficulty into union with oxygen at ordinary tem- 
peratures. It thus follows that bituminous coals are 
much more subject to waste and change by weather- 
ing than anthracite coals. In addition to the loss 
due to this slow combustion there is often a gradual 
escape of gaseous hydrocarbons imprisoned within 
the lumps, or a gradual vaporization of liquid hydro- 
carbons and their escape as vapor. Such losses also 
are, of course, more marked with bituminous than 
with anthracite coals. A bituminous caking coal 
often becomes changed to a non-caking coal after ex- 
posure to the air and weather for a considerable 
period of time. 
The chief external conditions which may influence 

weathering are moisture and heat. If the coal con- 
tains no iron pyrites, moisture is believed to slightly 
retard the operation of slow combustion, and thus to 
act beneficially rather than the reverse. If iron 
pyrites is present in the coal, the conditions are 
changed. Iron pyrites oxidize with comparative 
readiness at ordinary temperatures, both the sulphur 
and iron uniting with the oxygen. It thus tends to 
set up the operation of oxidation and to break up the 
lump into small bits, while the heat developed is a 
further aid to the continuance of the process. The 
oxidation of iron pyrites is, moreover, much aided 
by moisture, which therefore, with such coals, be- 
comes a distinct disadvantage. In any event a coal 
with iron pyrites may be expected to suffer more 
Seriously by weathering than one free of this sub- 
Stance. In extreme cases the oxidation of the pyrites 
has caused the crumbling of the coal into such small 
bits that it has become nearly worthless for its origi- 
nal purposes. 
Heat in general always increases the activity of this 

slow combustion, and hence tends to increase the loss 
due to weathering. The heat developed by slow 
oxidation in the interior of large piles or masses of 
coal escapes with great difficulty and thus accumu- 
lates and raises the temperature, thus making the 
conditions still more favorable for the continuance of 
the process. So far as this effect goes, therefore, the 
loss would be more serious in large piles than in 
small. This is, however, offset by the greater difficulty 
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which the oxygen has in penetrating to the interior of 

the pile as it is larger in size. It results that with 

other things equal there is no great difference in the 
loss due to weathering with coal either in large or in 

small bulk. 

ELECTRICITY ON BOARD SHIP—PRINCIPLES 

AND PRACTICE.—XV. 

BY WM. BAXTER, .JR. 

The switch board diagrams, shown in the last ar- 

ticle, differ considerably in the manner in which the 
generators are connected with the line in the act of 
starting; and, as these relations are of decided im- 
portance, it will be well to point out this difference, 
and at the same time to show what action is liable 
to follow as a result of defective connections. In 
Fig. 67 (December, 1898, issue) it will be noticed that 
the wire marked ec, which leads from the top brush, 
is permanently connected with the bus marked /, and 
which, as already explained, is the equalizing bus. 
Now if the switch S of any one of the generators is 
opened, the connection of wire ¢ will not form a 
closed circuit, because the wire b will be disconnected 
from bus 2. When a generator is disconnected from 
the line, it is generally stopped, but if it remains run- 
ning, the opening of the S switch will not prevent a 
current from circulating through the shunt coils, 
hence under such conditions it is desirable to be able 
to open the circuit. It can be accomplished in two 
ways, one is by moving the switch of the rheostat R 
to a point which breaks the connection, and the other 
is by opening a separate switch provided for that 
purpose. The latter arrangement is the best, as then 
the position of the rheostat switch is not disturbed. 
When it is desired to connect the generator with the 
line again it is necessary to close the circuit through 
the shunt coils and thus allow the machine to de- 
velop an BE. M. F. equal to that of the other genera- 
tors before it is thrown in circuit. If this were not 
done, the result would be that the current from the 
bus bars would return through the generator if the 
voltage of the latter were the lowest, and thus con- 
vert it into a motor for the time being. In conse- 
quence of this action, the engine would be driven 
not only by its own steam, but also by the power 
developed by the generator acting as a motor. It is 
quite evident that under these conditions the speed 
of the engine would be considerably increased, as its 
governor could have no effect upon the velocity 
eaused by the action of the motor. If the generator 
voltage were higher than that of the bus bars, the 
reverse effect would be produced, that is, the other 
generators would be driven as motors. In either case 
the action would be only momentary and, except 
under extraordinary conditions, not productive of any 
damage other than a decided disturbance of the line 
currents. It is necessary, however, to avoid such 
disturbance and on that account means have to be 
provided whereby the generator that is to be con- 
nected with the line may be brought to the same 
voltage before it is connected. If we were to connect 
the shunt coils of the generator only, and adjust the 
rheostat until the proper pressure were obtained, and 
then threw the main switch, the result would not be 
satisfactory; for as can be seen, aS soon as this was 
done, the current developed by the generator would 
pass through the series coils and thus increase the 
voltage. It will be clear, therefore, that a current 
must pass through the series coils before the gen- 
erator is connected with the line, so that the voltage 
may be adjusted with the current conditions the same 
as they will be after the main switch is thrown into 
the active position. With the connections as shown 
in Fig. 67 this is accomplished by having an inde- 
pendent switch in the wire 6 by means of which this 
wire may be connected with bus 2 before switch S is 
turned. When such an arrangement is adopted, the 
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auxiliary switch is generally located near the gen- 
erator. 
With the type of switch board connections shown 

in Fig. 68 (December, 1898, issue) the series coils are 
connected with the bus bars by means of a switch 
that connects wire ¢ with bus 7, and wire 6 with bus 
2. It is not absolutely necessary to have the wire- 
ing connections such that the series, as well as the 
shunt, coils of a generator can be connected with the 
line before the generator itself is connected, for it is 
possible to adjust the voltage to the proper point by 
making the necessary allowance for the increased 
effect of the series coils, but in estimating what this 
allowance should be there is room for serious error, 
hence the method is not advisable. 

In Fig. 69, which represents diagrammatically the 
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ferent bus; the object of this arrangement will be 
made clear presently. The construction of this board 
is such that four generators can be used continuously 
while one is held in reserve, the idle machine being 
the one shown at the extreme left. The wire 0 of 
this generator connects with the center contact of 
switch Si. If the switches S and S’ of any one 
generator are opened, the machine will be discon- 
nected entirely from the line. Now suppose it is de- 
sired to start up this generator again, then if switch 
S’ is closed wire ¢ will be connected through it with 
bus 7 and wire b with bus 2, the former connecting 
through wire c’ and the latter through wire 0b’. By 
the closing of switch S’, therefore, the series coils of 
the generator are connected in parallel with those of 
the other machines, and on this account will be 
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DIAGRAM OF DYNAMOS AND SWITCHBOARD OF §.S. ST. LOUIS.—FIG. 69. 

switch board of the steamer St. Paul, of the Ameri- 
ean line, the arrangements for connecting the series 
coils with the line in advance of the generator are 
very complete. It will be noticed that there are two 
switches, marked S and SN’, for each generator. 
Tracing out the connections of these switches with 
their respective generators, it will be found that S 
eonnects with wires @ and 6 and that S’ connects with 
wires b’ and c, the former being a branch of wire Db. 
Switch S’ connects with buses 7 and 2 and switch S 
connects with buses 3, 4, 5, 6, and 7. It will be noted 
that wire @ of all the S switches connects with bus 7, 
while wire b of each generator connects with a dif- 

traversed by a current of the same strength. Under 
these conditions the E. M. F’. developed by the arma- 
ture will be nearly the same before switch S is closed, 
as after, for in both cases the current through the 
series coils will be the same, and so will that through 
the shunt coils. As a matter of fact the E. M. F. will 
be slightly lower after switch S is closed, owing 
to the fact that then a larger current will flow 
through the armature and as a result the extra volt- 
age absorbed by the armature resistance will have 
to be deducted from the total H. M. F. This reduc- 
tion, however, will be small and will only result in 
causing the generator to develop less than. its proper 
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amount of current, and this difficulty can be corrected 

at once by cutting out a smail amount of the rheo- 

stat resistance. The arrangement does not render it 

possible to effect a perfect adjustment of the voltage, 

before the generator is thrown into service, but pre- 

vents its connection when the H. M. FI. is so low that 

the current would be reversed. A little reflection will 

show that if the series coils are put in circuit before 
the armature is connected, the current developed by 
the latter, cannot at the most be reduced to zero, it 
will surely be something more than that, and will 
thus only require a slight adjustment of the regulat- 
ing rheostat R to bring it up to the proper strength. 

The reserve generator by being connected with 
switch S17, can be made to take the place of any one 
of the active machines, for, as will be noticed, the 
contacts of this switch connect with the buses 3, 4, 5 
and 6, to which the wires of these generators connect. 
Suppose for example that generator No. 2, counting 
from the right hand side, is to be replaced by the re- 
serve machine, then after it is cut out, and the re- 
serve machine has been brought up to the proper 
voltage, by connecting it with buses i and 2 through 
its S’ switch, the handle of switch S/ is turned so as 
to rest upon contact c’”. If now switch S of the re- 
serve generator is closed, the 6 wire will be con- 
nected through the center contact and contact ¢’” of 
switch SZ with bus 5 which is the one with which the 
b wire of generator No. 2 is connected. 
As the lever switch Si, can be moved so as to cover 

any one of the four outside contacts, and as these 
connect individually with the buses 3, 4, 5 and 6, it 
is clear that the idle generator can be made to take 
the place of any one of the active machines, in just 
the same manner as explained above in connection 
with generator No. 2. 
The external distribution circuits through which 

the current is conveyed to the lamps and motors are 
so arranged that they can be transferred from one 
generator to any other. In the diagram only three 
of these circuits are shown, for the sake of simplicity, 
but in reality there are about twenty. One of the 
wires of each of the external circuits, that marked 
lV’, connects with the centre contact of switch S5, the 
wires marked J connect each one with an independent 
switeh as shown at S82, S3, S4. These switches are 
constructed upon the same principles as Si, so that 
by moving the handle so as to cover any one of the 
four surrounding contacts, the wire 1 can be con- 
nected with the particular bus with which this con- 
tact connects. In the diagram, all the switches, S2, 
S3, S4 are set so as to connect the / wires with bus 95. 
The wires J and l’ connect through the lamps or 

motors with wire k and thus with bus 7, which, as 

already explained, connects with the wires of the 
generators. By means of this arrangement it be- 
comes possible to shut off, from the switch board, a 
portion of the lights in all the circuits or in any one 
circuit, as may be desired. To cut out a portion of 
the lights in all the circuits, the switch S85 is opened, 
thus breaking connection between the lJ’ wires and 
bus 5. The individual circuits can be turned off by 
opening the other switches, thus opening switch S3 
would cut out the lights between wires J and & in 
the center circuit. The ?’ wires can be connected 
with any bus by simply turning switch S65. 
From the foregoing explanation of this switch board 

it will be seen that it is very complete and that it 
facilitates the shifting of the load from one machine 
to any other or from one circuit to another to the 
greatest extent. The idle machine can be substi- 
tuted for any of the active machines, any machine 
can be connected with any or all of the external cir- 
cuits, and in fact every combination necessary can 

be effected. In the diagram the circuit breakers and 
the volt and ammeters are not shown, but from the 
explanations of their location in the circuit, given 
in connection with other diagrams, the manner in 
pnied. they should be disposed can be readily under- 
stood. 
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ENGINEERS’ DICTIONARY—XIII, 

Dead-Water.—The water in the bottom of a Scotch 
boiler being removed from the direct application of 
heat tends to remain constantly at a lower tempera- 
ture than the water about the tubes and furnaces. 
The former does not, therefore, readily join in the 
circulation within the boiler, but tends to remain 
fixed in location at the bottom of the shell. It is on 
this acount sometimes known as _ dead-water. The 
same term is also applied to the water following a 
vessel with full stern. As well known, it consists of 
eddies and whirls, rather than of smooth stream line 
flow, as in the ease of a vessel with finer run and 

better form. 
Disc Area of Propeller.—The area of the circle swept 

by the tips of the blades. The actual surface of the 
blades is usually related to the disc area, the ratio 
ranging from .20 to .50 with propellers of different 
forms and for different kinds of service. 

Dise Crank.—A crank in which the throw or web 
consists of a circular plate or wheel with the shaft 
in the center, and the crank near the circumference. 
Disc Valve.—In some cases the valve is of rubber 

or other flexible material, and is controlled by a guard 
secured in place over it as in Fig. 46. In other cases 
the valve is of metal or other non-flexible material, 
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and is controlled in its lift by a stop or guard carried 
on the central stud on which the valve rises and falls. 
See Fig. 47. A low spiral spring is also usually added 
to insure quickness of closure. The valves shown are 
a patented type. 
Discharge Cock—Valve—Pipe—etc. See Delivery. 
Dog.—A bar or girder for securing a man-hole plate 

in place on a boiler. The stud or bolt of the plate 

passes through the dog and is secured by a nut which 
draws the plate hard and fast against its seat. See 
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Fig. 48. 

Fig. 48, showing the upper part of a Scotch boiler 
shell with the man-hole plate secured in this manner 
by two dogs. 
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Dome or Steam-Dome.—An extension or additional 

space on top of a boiler to give more steam room 
and to provide a place from which comparatively 
dry steam may be taken. A steam dome is commonly 
provided on locomotive boilers and in other cases 
where the steam room is limited in amount or 
restricted in height. In the ‘Leg’ boiler (see under 
Boiler, Fig. 7) the steam dome takes the form of 
the so called steam chimney. As shown in the figure 

this is a space surrounding the base of the funnel. 
As the waste gases pass upward inside the funnel 
they give over a part of their heat to the steam which 
is thus dried to a greater or less degree, or even in 
some cases slightly superheated. In the ordinary 
Seotch boiler (see under Boiler, Fig. 6), a steam dome 
is rarely needed and but seldom met with. 
Donkey Engine, Boiler, Pump, etc.—Terms signify- 

ing an engine, a boiler, a pump, ete., used for mis- 
cellaneous and auxiliary purposes. Thus the donkey 
boiler is a small boiler used when in port or at other 

times for operating auxiliary machinery such as 

deck winches, steering-gear, anchor-hoist, electric 
lighting machinery, pumps, or for heating ship, ete. 

Double Acting Engine, Pump, etc.—_In the usual 
type of steam engine, steam is admitted to, and acts 
alternately upon, both sides of the piston. Similarly 
in the usual type of independent pump, water is ad- 
mitted to and discharged from each side of the piston 
alternately. Such an engine or pump is said to be 
dowble acting. In the single acting engine or pump 
the action is on one side or stroke of the piston only, 
as in most forms of gas engines, or in the ordinary 
air-pump (see under that head), or in the plunger 
form of feed pump. 
Doubling Plate or Reinforce Plate—A plate used 

to stiffen or strengthen the metal of a boiler shell, 
or other like structure, in the vicinity of a man-hole 
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Fig. 49. 

or where for other reasons, greater stiffness is desired. 
It consists simply of a plate riveted to the shell as in 

Fig. 49, showing the reinforce plate around a boiler 
man-hole. 
Down Comer, Down Cast Pipe, or Down Flow Pipe.— 

A pipe in a water-tube boiler for returning the water 
from the upper drum to the lower drum or feeder 
for the tubes. It is much larger in size than the 

steam forming tubes, and is situated usually out- 

side the boiler shell, or in any event is shielded from 
the direct action of the hot gases. See also under 
Boiler—water tube. 

Draft.—A term referring to the difference between 
the pressures of the air in the ash-pit and the gas 
in the base of the funnel, and hence to the pressure 
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which tends to force the air through the fire and 
maintain the combustion. Good draft implies a con- 
siderable difference of pressure, large quantities of 
air forced through the fire, and good combustion. 
Poor draft on the other hand implies but little dif- 
ference of pressure, small quantities of air forced 
through the fire, and, poor combustion. 
Draft Gauge.—See Air Gauge. 
Drain Cock—Valve Pipe.—A cock, valve or pipe for 

the purpose of allowing and regulating the removal 
of water from a cylinder, a steam pipe, or other 

closed space. 
Drain Gear.—A term referring in general to a drain 

cock, valve or pipe, or to any of the rods, levers, 
handles, etc., which may be provided for operating 
them. 
Drift-Pin.—A tapering steel pin formerly used in 

boiler making in order to enlarge and bring together 
rivet holes which do not come quite fair in overlap- 
ping sheets. The use of the drift pin results in the 
stretching and deformation of the metal around each 
hole, and its elongation into a more or less oval form. 
These are often very imperfectly filled by the rivet. 
In modern practice with drilled holes carefully laid 
out there should be no need for the drift-pin, and in 
most specifications its use is strictly forbidden. 
Drip-Cock—Valve Pipe.See Drain Cock, ete. 

Drum.—A general name given to a hollow cylin- 

drical chamber, as for example the steam and water 
drums of a water-tube boiler, see Boiler, Wigs. 8 
to 11. In certain forms of boilers, also, the steam 

dome takes the form of a relatively small horizontal 
cylinder or drum lying over the main boilers and 

connected to them by two or more short lengths of 
pipe known as goose necks. 

Dry-Pipe.—A pipe in the upper part of a boiler for 

collecting the steam and for effecting at least a 
partial separation of the water from the vapor. As 
fitted in modern practice the dry-pipe consists of a 
pipe running the length of the boiler, closed at the 
end, and provided on top with a large number of 
small slits or holes. In the aggregate the cross- 
sectional area of these openings is about the same 
as that of the pipe. The upper surface of the pipe 
thus fitted acts somewhat as a strainer, and prevents 
the inflow of water in bulk in case a large mass 
should in any manner find its way into the steam 
space in the top of the boiler. 

Dry Steam.—Steam which does not contain liquid 
water in suspension. Dry steam is transparent and 

colorless as the air. Witness for example the space 
above the water in a gauge glass. Steam escaping 
into the air is rendered visible by a more or less 
complete condensation into fine particles of water. 
Such steam, or vapor mixed with water in this con- 
dition, is said to be moist or wet. Steam as provided - 
by the ordinary boiler has usually in suspension an 
amount of water varying from, perhaps, three or four 
per cent. down to nothing. The quality of steam 
refers to the proportion which is vapor. Thus a qual- 
ity of 98 per cent means 98 per cent vapor and 2 per 
cent water. Dry steam would have a quality of 100 
per cent. | 

Dynamometer.—The word means literally force 
measure. It is also used in the sense of work or 

power measure. As a force measurer the dynamometer 
may be represented by the common spring balance 

for weighing. When such a spring balance or some 
equivalent device is used for measuring the pull or 
push or twist between two parts of a machine or be- 
tween a moving body and some other body pulled or 
pushed or turned by it, the arrangement is usually 
called a transmission dynamometer. The force trans- 
mitted being thus measured and the speed of trans- 
mission being known or measured, the work and 
power transmitted can be directly found by 
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multiplying the one by the other. In the absorption 

dynamometer the torque or twisting moment of the 

engine shaft is measured, and this together with the 

revolutions furnishes the necesstry data for com- 

puting the work. The latter instead of being trans- 

mitted on, as in the transmission dynamometer, is 

absorbed by. the apparatus and transformed into 

heat. The most common form of absorption 

dynamometer is the Prony brake in some one of its 

many forms. A typical arrangement is illustrated in 

Fia. 50. 

*j ._ The brake is this case consists of a num- 

ae are of wood carried by a sheet metal band 

and provided with arms A © and B C.. This is 

placed on a brake wheel driven by the engine whose 

power is to be measured. The nut D provides for 

adjusting the tension of the brake on the wheel. 

The strut C F rests on a platform scale or other 

means of measuring the force required to keep the 

brake from turning around with the wheel. By 

means of the nut the tension is adjusted as nearly 

as possible so as to keep the beam of the scale 

floating, thus indicating a constant force at such 

value as is shown by the beam poise. Let P denote 

the value of this force, @ the arm H F and WN the 

revolutions. Then the work absorbed is given by the 

formula: 

Work = 6.2832 P a N. : 

Ebullition.—The act of boiling. When water boils 

or is in ebullition, vapor is formed in globules at 

the heating surface. These rise to the surface of the 

water and there escape, thus causing the violent 

agitation of the liquid which is characteristic of 

this condition. 

It Is Reported 

That the great floating dry dock at Havana will 

not be turned over to the United States, but will be 

put up at auction by the Spanish Government. It 

was built in England and cost about $650,000. 

That the first torpedo boat destroyer of the Navy 
to be sent on her trial, the Farragut, reached a speed 

of 30.1 knots on her final trial at San Francisco. 
She was built by the Union Iron Works. 

That the Manhattan Dry Dock & Construction Co., 
incorporated under the laws of West Virginia with a 
eapital of $5,000,000, will establish a shipyard in 
New York harbor. The articles of incorporation give 
the company the right to “build, repair, sell and ~ 
operate ships, vessels, ete.” 

That representatives of Vickers, Sons & Maxim, 
of England, have looked over the Newport News 
shipyard, and reported in favor of the purchase of 

a large interest in it by the Hnglish concern, with 
the intention of adding to it a modern gun factory. 
As is well known this English concern is one of 
the most prominent manufacturers of modern 
weapons in the world. 
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CORRESPONDENCE. 

[Communications on matters of interest to marine engineers, for 
insertion in the correspondence department, are solicited. i} hese, 
wherever possible, should be supplemented by rough sketches or draw- 
ings, which will be reproduced if necessary to wlustrate the subject, 
without cost to the writer. 

Full names and addresses should be given, but publication o 
these will be withheld where requested. 

We do not assume responsibility for the opinions expressed b 
correspondents .} 

Efficiency of Naval Engineers. 

Editor of Marine Engineering: 
In the report which appears in the columns of 

your December issue of the recent meeting of the 
Society of Naval Architects and Marine Engineers, 
I note the following statement: 
“We have only very few officers of the Engineer 

Corps competent to give experienced trained en- 
gineering supervision to those repairs on torpedo boats 
which are attempted at navy yards, and those few 
are rarely available for duty.” 
This is a grave charge against the efficiency of an 

important branch of our navy, for, if naval en- 
gineering officers are not competent to supervise 
such repairs to torpedo boats as are considered to be 
possible to attempt at navy yards, it is surely high 
time, in view of the frequent mishaps to which tor- 
pedo boat machinery appears to be subject, for the 
navy to set about securing officers who do possess 
the necessary professional qualifications. More- 
over, the bearing of the charge is not limited to the 
specification cited, for those not sufficiently com- 
petent to supervise repairs to torpedo boat machinery 
are hardly a class of men to whom to trust super- 
vision over the repair of the complicated and often 
delicate machinery met with in modern warships in 
general. ; 

As the charge quoted is made in a paper pre- 
sented before a national professional body, and .is 
under the name of a naval officer of high rank, who, 
moreover, I note is referred to in the discussion as 
the commander of the torpedo flotilla during the late 
war, it would appear that the Navy Department 
should take cognizance of it. 
Personally, I do not believe that the statement in 

question is warranted, for it belies the efficiency 
which the corps of naval engineers displayed during 
the late war when serving in the fleet or in repair 
ships, which efficiency is a matter of official record 
and, it may be added, of congratulation to the Amer- 
ican engineering profession in general. Neverthe- 
less, in view of the publicity given to the charge and 
the implication of general incompetency that it car- 
ries with it, and in view also of the rank and the 
late service of the officer responsible for the state- 
ment, the Washington naval authorities would seem 
to be called upon to investigate it in the interest of 
the country in order that the necessary measures 
may be taken if it be proved well founded; and in 
fairness to the personnel of the naval engineering 
corps that they may, in the contrary case, be relieved 
of the suspicion to which the charge gives rise con- 
cerning their professional competency in general. 

MEMBER Soc. N. A. & M. EH. 

The dispute between the Government and the con- 
tractors for the new monitors, referred to in our 

December issue, has been settled by the decision 

to let the single turret design stand, only increasing 

the vessels in length by 27 ft. and the displace- 

ment by about 500 tons. The original contract price 
will be increased by about $100,000 in each ease. 

The amended design will give vessels of 3,235 tons 
displacement. They will have a maximum speed of 
11 1-2 knots and total capacity for 400 tons of coal. 
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QUERIES AND ANSWERS. 

Communications intended for this department will not receive atten 

tion unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

Q.—Have compounds used in boilers to prevent 
seale any effect on the steel or iron? Vo JNo Ob 

A.—This depends altogether on what is used. There are 

many compounds which are quite safe and others which tend 

more or less actively to corrode the plates, tubes and braces of 

the boiler. Some compounds contain tannic acid which attacks 

iron and steel strongly, and others contain a variety of sub- 

stances more or less liable to corrode or attack the boiler, 

especially if used too freely. 

A very good plan is to take a pail full of water containing 

the compound in proportion somewhat stronger than as used 

in the boiler in order to increase the effect. Then boil this 

and put into it a piece of boiler plate or like material and 

watch for a few days, or even for two or three weeks, weighing 

the plate from time to time to note the loss, if any. Still 

more rapidly the probable effect may be arrived at by using 

a piece of well polished steel and watching carefully from day 

to day any signs of discoloration or corrosion on the surface. 

If the surface becomes rusted or blackened in marked degree, 

or pitted, it will be safe to avoid the use of the compound 

which produced this effect. 

Q.—We have been discussing why a steel ship floats 
and can’t agree. lve seen a water-logged lumber 
Schooner which had been floating for days, and I 
reckon a steel ship with as much water in her would 
go down quickly. * * * * * * Why doesn’t a big 
battleship with so much weight go to the bottom in- 
stead of floating? KEY WEST. 

A.—To answer your question let us first understand clearly 

that a ship floats for the same reason that a cork or a pine 

stick does. This does not tell us much, to be sure, but it is 

an advantage to be able to see clearly at the start that the 

flotation of all bodies has one common cause and one common 

explanation. This explanation cannot be given completely, 

however, without introducing a mathematical discussion based 

on the properties of liquids, and such a mode of treatment 

would not be in place in this discussion of the subject. As 

the next best thing, then, we must admit the following prin- 

ciple, which may be shown experimentally to be true in all 

cases: 

A body wholly or partly immersed in a liquid is pressed or buoyed up- 

ward by a force equal in amount to the weight of the liquid displaced. 

By the liquid displaced is meant a volume of liquid equal to the 

volume of the body, if wholly immersed, or to that part of the body 

below the water surface if partly immersed. 

Suppose, then, that we start in with a solid block of steel 

12 in. by 12 in. on the base and 18 in. high, supported by a rope 

from a convenient point, and allowed to sink in sea water to 

an immersion of 12 in. The displacement would be just one 

cubic foot, and the weight of this volume of sea water 64 

pounds. The weight of the steel would be about 720 pounds. 

Hence, we have a pull downward of 720 and a push upward of 

64, and hence a net pull on the rope of 656 pounds. Suppose 

now that without disturbing the block we imagine it scooped 

out on top. We need not be concerned as to the means of 

doing this, but simply suppose the material removed and the 

block thus made more or less hollow with sides and bottom 

left untouched. Suppose in this way 100 pounds were removed. 

The weight would then be 620 pounds. The displaced water, 

however, would remain unchanged in amount, and the upward 

force of 64 pounds act as before. Hence, the net pull on the 

rope would now be reduced to 556 pounds. Continuing in this 

way we may suppose finally 656 pounds of steel removed, 

leaving a hollow steel box with relatively thin sides, and 

weighing 64 pounds. The depth of immersion and the amount 

of displaced water would remain the same, and the upward or 

buoyant force would still be 64 pounds, and therefore just 

sufficient to balance the weight and reduce the pull on the 

rope to nothing. The rope having nothing to support could 

now be removed and the box would float freely in this condi- 

tion. Why? Because the weight downward was just balanced 

by the buoyancy or pressure upward. 
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Suppose we kept on and removed more steel amounting to, 

say, 14 pounds. The box would then weigh 50 pounds, while at 

the immersion of 12 in. it would still experience an upward 

push of 64 pounds. There would hence be in this condition a 

net upward push of 14 pounds, in answer to which the box 

would rise, thus decreasing the amount of displaced water. 

This would continue until the upward push became reduced 

to 50 pounds, the equal of the downward weight. This would 

occur at an immersion of 9 38-8 in. (in this particular case), 

in which condition the box would float freely. On the other 

hand, suppose some of the chips were thrown back, bringing 

the total weight up to 80 pounds. In answer to the excess of 

force downward the box would settle in the water until the 

weight was again balanced by the increased buoyancy. For 

80 pounds this would occur at 15 in. immersion. Thus the 

box would rise and fall according to the weight carried, but in 

each case when floating freely the buoyancy upward would 

just equal the weight downward. 

Now, suppose a hole drilled in the bottom of the box. Water 

will flow in. Such an inflow may be looked on either as a loss 

in buoyancy or as an increase in cargo. For our present pur- 

poses the latter is the simpler. Suppose, then, that the 

water flows in until it is 3 in. deep over the bottom of the 

box and the hole is then plugged. What happens? The 

weight of water introduced is about 14.7 pounds, and the 

total weight, box and water cargo, is 78.7 pounds. It, there- 

fore, settles as before until the immersion is such that the 

total displacement gives an equal buoyancy of 78.7 pounds, 

which will occur at a draft of about 15 in. If, instead of plug- 

ging the hole the water is allowed to run in, the box will 

continue to sink deeper and deeper in the endeavor to gain 

more buoyancy. By the time the water is about 6 1-2 in. deep 

inside, the top of the box will be brought to the level of the 

water outside, no additional buoyancy can be gained, and if the 

top is open the box will suddenly fill and sink. Why? For 

the same reason that any lump of steel would sink, because 

the weight is greater than the buoyancy, or the weight of the 

steel is greater than that of an equal bulk of water. If a 

thin water-tight deck or cover had been fitted over the top, 

the filling would still proceed through the hole, and the box 

sink none the less, and for the same reason as before. 

In further illustration of the same principles, suppose we 

have a solid lump of wrought iron. We throw it into water, 

and it sinks. We beat it out into a thin sheet, and it sinks 

just the same. We next cup the sheet and so form a shallow 

dish or bowl. It now floats. Why? There is the same amount 

of material as before. Simply because in the last case we had 

so formed the body that the water it could displace was far 

greater than its own volume—many times greater, in fact. As 

a lump or as a plane sheet, it could only displace water corre- 

sponding to its own volume. In the form of a bowl it could 

displace in addition the inside volume, and this great increase 

of displacement meant an additional buoyancy which enabled 

it to float and even to carry a load. Pierce the bottom 

of the bowl, water flows in, and the bowl sinks because now 

it can only displace, even when down to the water’s edge, a 

volume of water equal to the volume of the material—the same 

as when in the condition of a flat plate. In the same way the 

plates, angles, beams, etc., going to form a steel ship would 

all sink if thrown individually into the water, but if they are 

so disposed as to form a ship, which is after all a kind of cup 

or bowl, the water which can be displaced is enormously in- 

creased, and the ship floats and carries her cargo as well. 

Knock a hole in the bottom, water flows in, buoyancy is lost. 

and if the compartment is large or is not water tight, the ship 

fills and sinks in the same way and for the same reason as in 

the case of the bowl. 

Q.—Can you give me information in regard to the 

Civil Service examinations for admission to the Goy- 

ernment service as Naval Architect? C. H. G. 

A.—The naval constructors in the Government service are 

graduates of Annapolis, but qualified persons from civil life 

are employed by the Bureau of Construction and Repair of 

the Navy Department as draftsmen, assistant draftsmen and 

tracers, after having passed the Civil Service xaminations 

Applicants are required to file with the Civil Service Com- 

mission at Washington, on a special form, certificates from 

their present employers or instructions ‘“‘testifying to their 
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skill and adaptability.’’ For draftsmen, the examination ex- 

tends over four days, and includes these subjects: Letter 

Writing; Applied Mechanics; Ship Calculations; Practical 

Shipbuilding; Ship Dratting. For assistant draftsmen three 

days are allowed, andthe same subjects are required as for 

draftsmen with the addition of Arithmetic. Less percen- 

tages are necessary, however, in some of the subjects, and 

generally the questions are not so difficult. For the position 

of tracer, a two-day examination is given and the require- 

ments are: Penmanship; Letter-Writing; Arithmetic; Trac- 

ing Ship Drawing; Free Hand Lettering. In some of the sub- 

jects the questions following the practice of the Navy rather 

than the mercantile marine. The salaries of the positions 

are, approximately: Draftsmen, $1,550 to $2,000 per annum, 

Assistant Draftsmen, $1,250 to $1,550 per annum, and Tracers, 

$1,000 to $1,250 per annum. You can get more detailed infor- 

mation about these examinations by addressing the United 

States Civil Service Commission, Washington, D. C. 

Recent Legal Opinions in U. S. Courts. 

We have before us a number of recent opinions de- 

livered by judges of the Federal courts, and from 

them have made a selection of several which c¢on- 

tain points of special interest for those engaged in 

marine work. We have disregarded the merely legal 

technicalities in each, confining the reports to the 

points here referred to. 

NAME PLATE FOR BOILER. 

Suit was brought by H. M. Sciple and others in the 

District Court of New Jersey to recover the balance 

due on the purchase price of a boiler built for the 

steamer Otha J. Sample. The contract called for one 

vertical marine boiler of certain dimensions sub- 

ject to the tests and regulations prescribed by Fed- 

eral law. The boiler was to pass the U. S. inspection 

for 125 lbs. of steam, working pressure, and to be 

complete, with grates, waterpan and hood. There 

was a dispute regarding an allowance to be made 

for this hood, which was not supplied, and a claim 

also by the purchaser of the boiler, one Sample, for 

an allowance because the makers failed to furnish 

with the boiler a ‘name plate” showing the name of 

the maker, the place where manufactured, and the 

tensile strength. After listening to the evidence, 

Judge Kirkpatrick found that in every respect that 

which was furnished complied with the requirements 

of the contract, the hood specified being omitted only 

by agreement. Then quoting the 4431st section of 

the revised statues which requires “that every plate 
of boiler iron or steel made for use in the con- 
struction of steamboat boilers shall be so stamped in 
such places that the marks shall be left visible when 
such plates are worked into boilers,” the Court held 

there was not any statutory requirement for a “name 
plate” such as the defendant had demanded, nor was 
it called for in the contract. Consequently he gave 
the parties who furnished the boiler judgment for the 
amount claimed. 

LIENS FOR ENGINEERS’ WAGES. 

A very interesting decision defining the rights of 

employees of a dredging company to establish liens 
for wages due was made by District Judge Hanford 
in the State of Washington. The Bowers Dredging 
Co., an insolvent corporation, was in the hands of a 
receiver and under the jurisdiction of the U. S. Court. 
Certain engineers, firemen and deck hands sought to 
intervene, claiming to have maritime liens upon the 
dredges of the company for wages due and unpaid. 
The company had operated two hydraulic dredges in 
the harbor of Seattle under a subcontract from a 
harbor improvement company which had a contract 
with the State. Discussing the rights of the em- 
ployees who intervened the Court says: 

“The main question in the case is whether the 
dredgers are vessels subject to admiralty process, 
whether the work which they were doing was a mari- 
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time service, whether the contracts under which they 
were supplied and kept in repair are maritime, and 
whether their crews have maritime liens for their 
wages. The writers and judges who have expounded 
maritime laws, and the rules by which the jurisdic- 
tion of admiralty courts must be measured, have not 
succeeded in making known any satisfactory test by 

which floating structures which are subjects of ad- 
miralty jurisdiction, and to which maritime liens may 

attach, may be distinguished from those which have 
no place in the realm of maritime jurisprudence. 
There are numerous decisions which tell that adapt- 
ability to float on the water, masts, sails, propelling 
machinery, steering apparatus, capacity for carrying 
merchandise or passengers, and mobility, are fea- 
tures by which a subject’ of admiralty jurisdiction 
may be recognized; but the decisions are not all con- 
sistent with any guiding principle which makes ad- 
miralty jurisdiction depend upon the size or shape of 
a vessel, her means of propulsion, or her adaptabil- 
ity for use. According to the decisions, a ship, al- 
though afloat, is not a ship if her original construc- 
tion, rigging, and furnishing remain incompleted. 
Men employed on board of a vessel for her preserya- 
tion do not acquire maritime liens for their wages if 
she is out of commission; that is, if she has no voy- 
age in contemplation. A ship is not employed in a 
maritime service when used merely as a warehouse 

to hold her cargo after the completion of a voyage, 
and while navigation is suspended. The actual em- 
ployment of a structure designed for use in the trans- 
portation of merchandise or passengers by sea is not 
under all circumstances conclusive. Wharves and 
warehouses are necessary for the transportation and 
preservation of merchandise to be carried in ships to 
a distance, and yet such structures, although in fact 
instruments of commerce and aids to navigation, are 
not maritime vessels. Floating dry docks, used in the 
repair of vessels, are not maritime things. On the 
other hand, a private yacht or pleasure boat, not de- 
Signed for nor employed in trade or commerce, is a 
vessel which may be a subject of admiralty jurisdic- 
tion. The width of a stream or the length of a voy- 
age is no criterion by which to determine the char- 
acter of the service, nor the question of admiralty 
jurisdiction. Neither will jurisdiction of a floating 
structure be denied by a court of admiralty because 
it does not carry masts, propelling machinery, or 
steering apparatus, or lacks accommodations for a 
crew. There is great confusion in the decisions as to 
whether particular structures, such as pile drivers, 
wharf boats, rafts, and dismantled vessels, are to be 
classed within or without the pale of admiralty juris- 
diction.” 
Then follows a list of cases in which jurisdiction 

was sustained over a great variety of floating struc- 
tures, including qa floating elevator; a harbor tug of 
less than five tons; a scow; a canal boat used only 
upon an artificial canal wholly within one state; a 
barge without masts, sails, propelling machinery, 
rudder or anchor: a ferryboat; a steam derrick boat; 
a floating boathouse; a floating bath house; a pile 
driver; a dredge, and a raft of timber. After citing 
these cases the Court continues: i 

“A dredging vessel designed to facilitate navigation, 
by going from place to place, to be used in deepening 
harbors and channels, and removing obstructions 
from navigable rivers, and to bear afloat heavy ma- 
chinery and appliances for use in that class of work. 
may commit, or be injured by. a marine tort, and 

she may become subject to a maritime lien for sal- 

vage. She has mobility, and her element is the water. 
She can be used afloat. and not otherwise. She has 
carrying capacity, and her employment has direct 
reference to commerce and navigation. I perceive no 
reason for exempting such a vessel from the liabili- 

ties arising from non-payment of the wages of her 

crew, or from such unfulfilled contracts as would sub- 

ject other vessels to liens enforceable by a court of 
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admiralty. I find no difficulty in pronouncing in fa- 
vor of the engineers, firemen, deck hands and cap- 
tains who worked on board of the dredgers. They 
have maritime liens for the balances due to them for 
wages. The captains were not clov..eu with the au- 
thority of masters, but were simply foremen in charge 
of the working crews. Therefore, the rule that the 

master of a vessel has no lien for wages does not ap: 
ply to them. Those who worked as general mechan- 
ics in keping the machinery in repair, and the pipe 
men, who attended to laying, connecting, and moy- 
ing the lines of pipe, and those who performed neces: 
sary labor upon and about the filled area, are also 
entitled to liens. Their services were required in 
prosecution of the enterprise in which the vessels 
were employed. The right to claim a lien for wages 
under the general maritime law is not restricted to 
favor only mariners who serve the ship with peculiar 
nautical skill, but extends to all whose services are in 
furtherance of the main object of the enterprise in 
which the ship is engaged.” 
A decree was accordingly entered directing the sale 

of the dredges and allowing as preferred claims the 
amount due the employes for wages. 

CONTRACT TICKET CLAUSES. 

A point made in a personal injury suit by District 
Judge Brown in New York is worth noting. Jacob 
Moses, a four-year-old boy, was a steerage passenger 
on the Hamburg Line steamship Persia, and in a 
collision between that ship and another he suffered 
such injuries to his right hand that it had to be ampu- 
tated. A clause in his contract ticket limited respon- 
sibility of the ship and owners to $100 in case of loss 
or injury to the passenger arising from steam, latent 
defects of the steamer, negligence of the company’s 
employees or from negligence in navigation of any 
other vessel. Referring to this the Court said that 
had the contract provision been a reasonable one it 
would have been sustained, but considering the na- 
ture of the injuries liable to happen to any passenger 
through careless navigation (as in this case) including 
possibly loss of life or limb, and the large awards 
often made therefore, it seemed to him that the 
Stipulation that the damages for any possible injury 
should not exceed $100 could not be seriously con- 
sidered as any reasonable or substantial provision. 
The sum of $100 was scarcely more than a nominal 
sum. Considering the occupation of the boy’s father 
and the probable business chances for the boy when 
grown up, the Court made an allowance of $2,500 to 
the son and $500 to the father with costs. 

A 100 ton floating derrick is to be constructed for 
use at the New York Navy Yard for the purpose of 
handling armor plates, ordnance and other heavy 

material. It will be operated by steam. 

In his report Assistant Secretary of the Navy 
Charles H. Allen calls attention to the unsuitability 
of wood as a material for dry docks. He says that 
the wooden dock No. 2 at the Brooklyn Navy Yard is 
rotting away like the one at Norfolk. 

An order for two transatlantic liners, each 560 ft. 
in length, has been placed at the Clydebank Works 
in Scotland by the International Navigation Co. 
The steamships Paris and New York of the South- 
ampton service of this company were built at Clyde- 
bank. The new yessels will be put on the Antwerp- 
New York route flying the Red Star flag. 
Arrangements are being made by the Navy De- 

partment for the establishment of a naval station 
at Honolulu, equipped with wharves, cranes, store 
houses, ete. Land for this purpose has been set 
aside by authority of the President. Contracts have 
also been let for the construction of proper coaling 
facilities on United States property at Pago Pago, 
Samoa. 
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RECENT PUBLICATIONS. 

Tue. THEeTA-PHt D1acRAm Practically applied to 

Steam, Gas Oil, and Air Engines. By Henry A. 

Golding, A. M. I. M. E. The Technical Publish- 

ing Co., Manchester, Bnegland. First Edition, 

1898. Size 5 by 7 1-2. Pages, 128. With numer- 

ous diagrams. Cloth, 38s. 

According to the author’s preface the purpose in 
this book has been to present in as simple and prac- 
tical a manner as possible the use of the temperature- 
entropy diagram, and the various methods of draw- 
ing it for different heat motors. In the preparation 
of the book the author has made use of the work of 
Gray, Boulvin, Williams, Sankey and others in the 
field, and due acknowledgments are made of indebt- 
edness to these sources. The book is divided into six 
chapters treating of Entropy, Entropy of Water and 
Steam, Conversion of Indicator Diagram to Entropy 
Diagram, Heat Losses, Application to the Gas En- 
gine, Application to Oil and Air Engines. In the first 
two chapters the fundamental explanations relating 
to entropy and temperature-entropy diagrams are 
given, usually in plain and simple form, though of 
necessity some acquaintance with higher mathe- 
matics is assumed. In Chapter III on the conver- 
sion of the indicator diagram into the temperature- 
entropy curve, the treatment is less satisfactory. 
Some inaccuracies in the details of the mode of 
procedure seem to have crept in, due perhaps to 
haste in preparation, but of still more importance, 
from the standpoint of the principles involved, is the 
question as to whether the basis of the method is 
well founded. The author, in common with others 

whom he has followed in this matter, considers the 
temperature-entropy diagram as the temperature- 

entropy history of a certain space or volume instead 
of the temperature-entropy history of a certain quan- 
tity of steam or steam and water. The indicator card 
is a pressure-volume history of the volume inside the 
eylinder and its area gives the external work done. 
If, however, the temperature-entropy diagram is to 
have definite significance as a diagram showing heat 
exchanges, it must relate throughout to a constant 
quantity of the substance. The heat involved in any 
thermal change in a substance of constant weight Q 
is H = Q frd®@. If, however, Qis a variable we 
must put H = { Qrd®. In the latter case the heat 
H cannot be represented by an area on the tempera- 
ture-entropy chart, prepared as it is for 1 Ib. of 
the substance. If the cycle as a whole consists of 
a series of stops during each of which the quantity 
involyed is constant, then each may be dealt with 
separately, but their combination into a continuous 
diagram on the temperature-entropy chart is without 
definite meaning. The same general objection lies 
against the application of the method to the various 
ecards individually of a multiple expansion engine. 
The quantity involved changes many times through. 
out the various cycles, and the entering charge of 
working steam is broken up and resubdivided on its 
way through the engine until its identity is entirely 
lost. A closed diagram in such case means therefore 

a series of temperature-entropy histories in which the 
quantity differs from one to another, and therefore 
in which the area of the diagram does not correctly 

represent the heat transformed into external work. 
It is not denied that diagrams derived in this way 
correspond in area fairly well with the indicator 
eards to which they correspond, the one being meas- 
ured in the heat and the other in mechanical units. 
The differences in any event are small, but it is the 
principles involved which are called in question, 
rather than the amount of error resulting. In the 
fourth chapter the influence of jackets, of super- 
heaters, and of heat losses and variations from the 

fi 
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ideal cycle are considered. In connection with these 
subjects it would have been well to bring into 
greater prominence the fact that the temperature- 
entropy diagram is limited to reversible processes. 
Remembering this and that the actual cycle is 
full of irreversible features, it is evident that the 
use of the temperature-entropy diagram involves a 
considerable element of uncertainty, and any spe- 
cially close agreement between its area and that of 
the indicator card can be only accidental in charac- 
ter. In the last two chapters, gas oil and air engines 
are considered, using the general principles estab- 
lished in the first part of the book. The treatment is 
simple and perhaps as satisfactory as can be ex- 
pected from the nature of the subject. Sufficient 
notice is not given to the fact that here, too, we are 
dealing largely with irreversible processes, and fur- 
thermore that in the gas and oil engine the working 
substance is a complex mixture of gases changing 
in character during the stroke and with varying 
thermal properties. The use of a mean specific heat, 
and of values of entropy based on it, can be at best 
but an approximation, but still perhaps the best that 
can be made under the circumstances. For a more 
detailed mode of treatment reference may be made to 
a recent paper by Stodola published in the ‘‘Zeitschrift 
des Vereins Deutscher Ingenieure’ September 17, 
1898. The book closes with a table of the weight of 
dry saturated steam carried out to tenths of a pound, 
with difference for hundredths. This will be a great 
convenience to all who are interested in computa- 
tions relating to the general subject of steam-engine 
performance and economy. 

“An American Cruiser in the Hast,’ by Chief En- 
gineer John D. Ford, U. S.N., is now in its second 
edition, though but recently issued from the press of 
A. 8. Barnes & Co., 156 Wifth Ave., New York. In 
view of the acquisition of the Philippines this book 
is doubly interesting, though aside from its peculiar 
value in this respect it is a most interesting work, 

taking the reader through Japan, China and the 
Philippines as though he had set out on the journey 

himself. In the scond edition there is an appendix 
containing a vivid description of the sea fight at 
Manila, and the events which led up to it. Mr. Ford 
served on the U. S. 8S. Baltimore in this eventful 
action. His descriptions of Japanese and Chinese 
manners and customs are very complete, and there is 
a profusion of fine engravings to entertain the eye 
as the text enlightens the mind. The author is an 
earnest champion of the policy of expansion. Re- 
ferring to the natives he says: ‘They have always 
wanted liberty and have fought the Spaniards for it 
on many a hotly contested field since 1522.” As to 
the future he writes: ‘These people need steamships 
of from 100 to 500 tons to trade amongst the islands; 
they need steamships of from 3,000 to 5,000 tons to 
trade with the United States and other parts of the 
world; they need railways, locomotives and cars for 
internal traffic; and they need thin dress goods; all 
sorts of thin white goods, insertions and laces, black 
and white prints of thin cotton, silk and woolen 
goods, thin-woven and knit goods, fancy and staple 
hardware, tinware, groceries, canned goods and flour, 
steam engines, pumps, sugar mills, agricultural im- 
plements, furniture, books and stationery, and our 
public school system. They can pay for these with 
Sugar, tobacco, hemp, camphor, rice (which are pro- 
duced in great quantities, coal, gold and many yari- 
eties of beautiful hard woods. Why should our peo- 
ple not have this trade?’ The book is finely printed 
on a good paper, and artistically bound in cloth it 
costs $2.50. 

The Spanish war and its consequences has given 
great prominence to questions of national defence 
and foreign policy which have hitherto not received 
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general attention. hat the course of events has 
been foreshadowed by those who have devoted study 
to such matters is evidenced by the collection of es- 
says written by Captain A. ‘I. Mahan, U. 8S. N., now 
published under the title of “The Interest of America 
in Sea Power,’ by Little, Brown & Co., of Boston. 
his work is a collection in book form of several 
detached papers written for leading literary publica- 
tions by the distinguished author. ‘hey are severally 
entitled: “The United States Looking Outward,” 

“Hawaii and Our future Sea Power,’ ‘Lhe Isthmus 
and Sea Power,” ‘Possibilities of an Anglo-American 
Reunion,’ “Lhe Huture in Relation to American 

Naval Power,” ‘Preparedness for Naval War,” “A 
‘Twentieth-Century Outlook,’ and ‘Strategic Iea- 
tures of the Caribbean Sea and the Gulf of Mexico.” 
‘Through the courtesy of the original publishers of 
these papers they are now available for information 
and study in a compact form. Kor the many who ap- 
preciate the grave importance of the subjects treated, 
but who have been too busily engaged otherwise to 
undertake independent research and reflection, this 
work will be of great practical value and interest. 
Space does not permit of any extended notice of the 
several papers. It will, however, be apparent, con- 
sidering the subjects and the known scholarly treat- 
ment of such by the author, that the work is one that 
will well repay earnest perusal. he book is of con- 
venient size and is published at $2.00 bound in cloth. 

The 1899 issue of the valuable Record of American 
and Foreign Shipping, New York, has been received. 
This very excellent index of classifications has been 

thoroughly revised and brought down to date, and 
also contains a large number of classifications not 
included in the 1898 bound issue, the additional 
pages numbering 129 in the alphabetical list of 
vessels. It is an invaluable book of reference for 
those who find it necessary to inquire into the 
characteristics of merchant vessels and their con- 
dition. The work of the Society has evidently been 
very carefully done, and no vessels are classed ex- 
cept such as have been submitted to survey according 
to the prescribed rules and the class approved by the 
Committee at New York. This classification society 
has made a change of name from the American 
Ship Masters’ Association to the American Bureau 
of Shipping, which latter is more appropriate and 

explanatory of the purposes of the organization. The 

Record is published with the approval of the Boards 
of Marine Underwriters at New York, Boston and 
San HWrancisco. In the present issue the contents in- 
clude the rules for the construction and classification 
of all styles of vessels, the Record proper giving 
the chief characteristics of ownership, ete. of 
vessels of all types both home and foreign; a con- 
venient index to the compound names of vessels in 
the Record arranged alphabetically by the last name; 
also a list of vessel’s names which have been 
changed, and valuable lists of owners, shipbuilders, 
ete. Though a minor detail the manner in which the 
Record is gotten up deserves mention for its ex- 
cellence. In the arrangement of the matter, in print- 
ing, press work and binding, it is a remarkably 
fine specimen. The address of the Bureau is 37 Will- 
iam street, New York city. 

Students of French who desire to profit by study of 
the many valuable works in that language on sub- 
jects related to marine engineering and architecture 
often meet with difficulty in comprehending technical 
words and phrases which the ordinary dictionary does 
not contain. For such the “Technical Dictionary of 
Sea Terms, Phrases and Words” in both languages, 
published by Crosby, Lockwood & Son, 7 Stationers’ 
Hall Court, Ludgate Hill, London, is a most useful 
pocket book of reference. It is intended, indeed, for 
the use of “seamen, engineers, pilots, shipbuilders, 
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ship owners and others,’ and is the work of a thor- 
oughly practical seaman, William Pirrie, late conti- 
nental marine superintendent to the African Steam- 
ship Co. Besides the lists of single words there are 
translations of the various phrases used in the man- 
agement of a ship both in the navigation and engi- 
neering departments. It is an up-to-date practical 
little book; brief yet sufficient. 

The complete report of the Load Line Committee 
to the London Board of Trade upon the questions 
relative to the revision of the North Atlantic winter 
load-line, referred to its consideration, will be found 
in the New York Maritime Register of December 
14, 1898. This is an important document to ship 
owners and others interested in over sea trade. 

ee RUBLES HONS 

Shipyard and other tools are sanereoane suey illustrated 
in a 9 by 12 catalogue designated as Catalogue P, 

just received from the Hilles & Jones Co., Wil- 
mington, Del. Hach machine is illustrated by a large 
half tone engraving nearly the full size of the page 
and the cover is printed in three colors. Hvery 
shipyard using tools for working plates, etc., should 
have a copy of this catalogue for permanent ref- 

erence. 

“The Argonaut, What she was Built for and 
What she has Accomplished,” is the title to a very 
neatly printed 16-page booklet issued by the Lake 

Submarine Co., 11 Broadway, New York. A num- 

ber of pictures are given of this unique boat show- 
ing her afloat and also performing submarine work 
in various ways. The purpose of the booklet is evi- 
dently to explain in considerable detail the possi- 
bilities from a business point of view of submarine 

, investigations. 

Graphite Paint.—Wm. Hooper, of Ticonderoga, N. 
Nis writing of the use of paints says: “If the surface 
to be painted is perfectly dry when finely ground 
graphite is applied, the paint will prove the most 
lasting paint known, because if time eliminates all 
of the oil, the graphite seems to adhere to the surface 
painted just the same as a piece of paper or wood 
will appear after it has been rubbed with a lead 
pencil or a piece of graphite. No other pigment 
known to me will remain on the surface painted after 
the oil has been thoroughly destroyed. With the 
experience I have had with graphite paint.” Book- 
lets regarding graphite paint can be had from the 
Joseph Dixon Crucible Co., Jersey City, N. J. 

A half dozen of exceptionally handsome and 
valuable catalogues have been received from the 
Advertising Department of the Westinghouse Com- 
panies, Pittsburg, Pa., descriptive of the electrical 

apparatus manufactured by the Westinghouse 
Hlectrie and Manufacturing Co. They are finely 
printed and give much statistical and other matter 
of value to the reader interested in electrical matters. 
One entitled “A Quarter Million Horse Power,” 

describes in some detail the big electrical plant at 
Niagara Falls. Another is entitled ‘“Blectricity for 
Machine Driving,” illustrating a variety of machines 
operated by Westinghouse motors. The third is de- 
voted to lighting arresters, the fourth to alternating 
current are lamps, the fifth to the modern round- 
house turn table, showing the application of electric 
motors to turn tables. The largest one of the six 
is Part 1, of WHlectric Street Railroad History. 
Among these catalogues must be several which 
would be of much value to anyone interested in 
electrical work, either in the shipyard or on board 
ship. Copies can be had upon application. 
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Hol Waler 
saved with the “Heintz” Steam 

Trap—puts it where you want it, 

too. Works in any position — 

opens and closes on difference of 

. one degree of heat—211° to 212° 

—smallest size discharges one 

gallon water a minute and not an 

ounce of steam wasted. Six 

parts besides the case—No levers, 

no floats, no springs. Practically 

nothing to wear out. Ask for 

Booklets Gay 

William S. Haines 

Company, 

Ne Ma 136 South Fourth Street, 

Philadelphia. 

“The Heintz—the Mga 
@1 COPYRIGHT, 1897, BY THE WHITMAN CC,, N. Y. 9 

it has imitators.” 

HOF 99S HOH $$9999999009990900O **3 

REDUCING VALVES 3 
to control or reduce steam, 
water or air pressures. 

“MASON” 
Valves have had a world- 
wide reputation for years. 

Write for prices. 

THE MASON REGULATOR CO., 
BOSTON, MASS. 

28) $00000000000000060000000000000008 

vevvoccenewencenoneeceey 

O99 9HOHHO99H9999090000O 

A portable hydraulic punch is illustrated in two . 
large 8 by 10 pictures in a folder issued by the 
Cornell Portable Hydraulic Punch Co., 922 North 

Nineteenth street, Philadelphia, Pa. The features 
of the punch are fully set forth in the circular. 

Generating sets with automatic upright and 
horizontal engines manufactured by the B. F. 
Sturtevant Co., Jamaica Plain, Mass., are illustrated 
by large cuts and deseribed concisely in a large 8-page 
folder issued as Bulletin G. Every man interested 
in such matters should ‘have a copy of this bulletin, 
which can be had upon application. Bulletin 
EB, issued by the Sturtevant Co., entitled ‘Draft 
without a Chimney’ was in such demand that a 
second edition has been issued and is now ready 
for distribution. 
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Graphite 
MARINE 

Lubrication 
There is no substance known so smooth or 

so enduring as Dixon’s Pure Flake Graphite. 

It is the best solid natural lubricant ever dis- 

covered. It is not affected by heat or cold, 

acids or alkalies. It is absolutely indispens- 

able to every marine, stationary or locomotive 

engineer. 

Largely increases the lubricating value of 

all oils or greases. | 

Will cool bearings and stop ‘‘ groaning” or 

squeaking when all other lubricants fail. 

It will pay you to send for Sample 

and Pamphlet. No charge. 

JOSEPH Dixon GRUCIBLE Go., Jersey City, N.J. 

oncy to Burn? 
Well, don’t burn it that way, at least. 
Put on the ‘‘Heintz” Steam Trap 
wherever you have a pipe carrying 
steam from dryers, heaters, boilers, 
etc. It saves all waste steam. Even 
the smallest trap will discharge one 
gallon of hot water a minute. Oper- 
ates on difference of one degree of 
temperature (211° to 212°), and is 
the only perfect trap made; the only 
one imitated. Its perfect action de- 
pends on a ‘‘tube spring” filled with 
a secret preparation, and the expan- 
sion of this spring makes the trap 
automatic, simple, long lived, perfect 
—20% to 30% of coal bills saved. 

Inquiry will bring more informa- 
tion and some proofs. Ask for 
Booklet ‘‘G ” 

William S. Haines 

Company, 

RLS 136 south Fourth Street 
Philadelphia. 

the best—tho tt has tmttators.” “The Heintz 
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: BUSINESS]. NOTES. 

IXEEL Biocks.—Attention is called to the new type 
of keel blocks illustrated in the advertisement of the 
Hegley Keel Block Co., 45 Fourteenth street, 

Hoboken, N, J. 

SURFACE CONDENSERS.—Corrugated tube surface 
condensers from 10 sq. ft. to 2,000 sq. ft. of surface, 
as well as other devices of value for marine work 
‘are offered by the Taunton Locomotive Mfg. Co., 
Taunton, Mass. An interesting catalogue descriptive 
of these articles can be had upon application. 

TFor@ines FoR TORPEDO Boat DaAvis.—The torpedo 
boat Davis constructed by the Wolff & Zwicker Iron 
Works, Portland, Ore., is fitted with shafting fur- 
nished by the Bethlehem Iron Co., South Bethlehem, 
Pa. A large percentage of the steel forgings fur- 
nished for torpedo boats come from the works of the 
Bethlehem Company. 

NEW MARINE Rat~tways.—There has recently been 
quite a spread in rebuilding old and establishing new 
marine railways in Nova Scotia and New Bruns- 
wick, and H. I. Crandall & Son, 100 Border St., East 
Boston, Mass., have been very busy doing much of the 
work. The Messrs. Crandall make a specialty of 
marine ways, and have built many of the leading ones 
in this country. 

ANTI-FRICTION MrtTan.—A new metal called the 
Perfect Lubricating Metal is being put on the market 

by the Perfect Lubricating Metal Co., Cincinnati, 
Ohio. The special claims are that one of its com- 

ponent parts is graphite, that it is considerably 
lighter in weight than many other anti-friction 
metals, and that it is a phosphorized tin. Engineers 
interested should send to the company for circulars 
and further detail. 

ALUMINUM STEEL TuBine.—_Something new in the 
tubing line is being put on the market by the HIl- 
ywood-lvins Tube Co., 487 Broadway, New York. 
It is a special alloy of aluminum made into very 
thin seamless tubes which are drawn over steel 
tubing. The result is said to be tubing which has 
the strength and elasticity of steel with the at- 
tendant advantages of solid aluminum tubing. Full 
information regarding this tubing can be had upon 
application to the company. 

THE BLOoMSBURG SPECIALTIES.—The many orders 

which have been placed during the past year for 
steam vessels have brought a large increase of trade 
to H. Bloomsburg & Co., Newport News, Va., who 
have sold more steam jets and circulators than at 
any time during the history of the company. These 
specialties can be seen in operation in almost any 

harbor or port in the United States, and people in- 
terested in them should send to the company for 
names of vessels on which they are used in order 
to make a personal investigation. 

A I Lourisuine Inpustry.—The Chester (Pa.) 
Times, of December 16, says: “This city has an in- 
dustry that is not making any noise, yet which will 
at no distant day be one of the most important in 
this city. It is the manufacture of the Baldt anchor. 
The anchors are made at the Penn Steel Works and 
though they have not been long on the market, they 
are in use by vessels that ply on many of the im- 
portant rivers and harbors of the Atlantic coast, on 
steamers on the great lakes and upon ocean steam- 

ships. They have been approved by United States 
naval officers and seamen on all kinds of craft. The 
Baldt anchor is a distinct departure from the old 
style fluke and is a simple, but most ingenious 
device. 
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PENBERTHY INJECTORS.—Attention is called to the 

exceptionally fine advertising which has been done { YOU Wi LL 

in these pages lately by the Penberthy Injector Co., | 
Detroit, Mich., and especially to the new cut which | N EVER reach 
appears in this month’s issue. This company is |, _ 1 +H 

believed to be the largest injector manufacturing } top notch until you 

company in the country if not in the world and, of { OWN AN INDICA- 
course, gives every attention possible toward cover- § TOR and know how to 
ing its field in the most thorough way. : : : 
Horttow Stay Bouts For BortEers.—Hollow stay || USE It. We are offering 

bolts are coming into extensive use in boiler making 7 special low prices for 
and we are informed that the Falls Hollow Stay é 
Bolt Co., Cuyahoga Falls, Ohio, made a recent ship- | orders, NOW. : 

ment of a car load of these bolts to one of the large | NO eben ES CRING CMEROVED ROBERTSON- 

marine boiler manufacturers. These bolts are HURER A andit Se Oaare ays tried it you Resa a IgeeatnteOOn 
offered as a safe guard against failure and have # THING; 2 labels cut from front of boxes secure a handsome 
un al lasting alities ; . : H pack of playing cards. TRY EUREKA. FULTON FLEXIBLE 
> ea Sn GIGI, being rolled hollow. Full f METALLIC PACKING fills a long-felt want. Can be carried 
information regarding these bolts can be had from f in closet same as EUREKA. Send for Sample. 

the manufacturers. — RL SA ; JAS. as ROBERTSON & SON, 218 Fulton Street, No Wo 

WESTON “x23n2 | PORTABLE 

DIRECT READING 

VOLTMETERS, AMMETERS, MILLIVOLTMETERS, VOLTAMME- 
TERS, MILLIAMMETERS, OHMMETERS, PORTABLE 

GALVANOMETERS, GROUND DETECTORS 
AND CIRCUIT TESTERS. 

Our Portable Intruments are recognized as THE STANDARD the world 
over. Our VOLTMETERS and ASIMETERS are unsurpassed in 

point of extreme accuracy and lowest consumption of energy. 

Weston Standard Portable Direct Reviee WESTON ELECTRICAL INSTRUMENT CO., 

ch __ Voltmeter, rials At4- i20 William St., NEWARK, N. Jes U.S. A 

Free to : PATENTS 
} 1 

Engineers. 
Upon receipt of S] ‘Cl IRI *P—), 

name and address SS — wi 

$ and where em- 

2 ployed, a fine Eng- Inventors desiring to secure full information in regard 
P lish bulldog to the necessary course to pursue to obtain a patent, 

: BRIAR WOOD should send for our booklet on the subject. 

8 PIPE SS MAILED F REE TO ANY ADDRESS. 

000 PATENT DEPARTMENT: 

There’s nothing like LITOFUGE for Marine Boilers. THE PQWER PUBLISHING CO., 

It won’t cost you a cent to try LITOFUGE unless 

@) it does just what we say it willdo. We claim— WORLD BUILDING, NEW YORK. 

9; 
%; That it will clean the dirtiest bouer in 60 to 90 days, with- 

% out injuring the metals ; 
: Thatit is the only Compound that will positively prevent 

3 the formation of scale in a new or clean boiler ; 

That it will prevent corrosion, and stop it where it has al- 

$ ready started ~ econ! ‘ ©09000080000008000000009000000 
% That it does not eat the scale; simply loosens it from the i S 

$) metals. "CROSS OIL FILTER 
. LITOFUGE acts mechanically (not chemically), con- 

g 
power of your boilers and character of water used, and 

we willsend you, freight prepaid, a trial order, to be paid 

for only if satisfactory. Pamphlet for the asking. 

Sent on approval. Used in J7 countries, 
Adapted to steam vessels of every descrip- 

tains nosoda, soda ash, nor acid. Give us nominal horse 8 

8 @ tion. Send for circulars, testimonials, etc. 

3 
actually reduces oil biils 50% or more. : 

LITOFUCE MFC. CO.,, 8 . ll THE BURT MANUFACTURING CO. 8 

1710-1712 Market Street, PHILADELPHIA, PA. aa AKRON, OHIO, U.S. A. 

3 The Darpest Manufacturers of Oil Filters in the World. é 

OSSSSSSSSSSSSSSSSSTSSFFFFFSIFSSPIFSO 9090990989909 0O909899000898 
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CoMPLETE LicutTinc PriAant.—The coast survey 

steamer Blake, which has been hauled out at Balti- 

more, is having a complete electric lighting plant 
installed by The E. G. Bernard Co., Troy, N. Y. 
ENGINEERS’ SPECIALTIES.—A line of Several special- 

ties of particular interest to engineers is illustrated 
in a little folder issued by the American Steam Gauge 
Co., 36 Chardon street, Boston, Mass. They include 
the American Thompson Improved Indicator, the 
American Patent Pop Safety Valve, pressure and 

vacuum gauges, underwriter water and cylinder re- 
lief valves and planimeters. 
LIFE PRESERVERS.—The recent storm along the 

Atlantic coast and the unusual gales on the lakes 
have led to a great demand for life preservers, 
eausing the Armstrong Cork Co., Pittsburg, Pa., to 
be pretty nearly swamped with orders for the best 
class of life preservers. 
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VALVES.—A hew line of blow off and operating 
valves has been put on the market by the Home- 
stead Valve Mfg. Co., Homestead, Pa. ‘There are 
several features regarding these valves which are 
well worth investigating. A catalogue of the com- 
pany explains these in some detail. 

BEARING Merrat.—Engineers and others having 
trouble with bearings will be interested in the nickel 

babbit and X L C R babbitt advertised elsewhere by 

J. J. Ryan & Co., 68-74 West Monroe street, Chicago. 
This company makes a specialty of making bearings 

suited to special conditions. 

LARGE DrepGING ConTrrAct.—The New York 
Dredging Co., World Building, New York, has begun 
work on an extensive contract for dredging the 

Christiana river, Wilmington, Del. The immense 
hydraulic dredges will fill in adjoining marshes and 
reclaim a large area of property. 
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SPECIAL NOTICES. 
Announcements under this heading will be inserted at the unt- 

form rate of thirty-three-and-a-third cents aline. Lines average 
ten words each. 

BOATS BUILT CHEAP. 

Boat Builder on Inland Lake is satisfied with day wages 
during Winter. Launch, cat, or small sloop hulls contracted 
for now can be figured low. Address BOA TBUILDER, 

Care of MARINE ENGINEERING, 
World Building, New York. 

NEW YORK’S FINEST PLEASURE TRIP. 
The finest pleasure trip out of New York harbor is by the boats 

which ply between New York and Hartford, Conn. 
The screw steamers ‘‘ Middletown” and ‘“‘ Hartford” are new 

and commodious, the meals served excellent, the trip inexpen- 
sive, and the scenery up the Connecticut River superb. 
The New York Pier is 24 East River, and the boats leave each 

end daily at 5 P.M., except Sundays 

MARINE ENGINEERING. January, 1899. 

Calendars for 1899 Received. 

Krom the Boston Belting Co., 256 Devonshire 
street, Boston, Mass., a small celluloid pocket calen- 
dar, 2 by 3 1-2 in. in size. 
Also from the same company a very neatly bound 

calendar in book form with 16 pages, the size being 
1 1-2 by 2 in. Besides the calendar this book con- 
tains oiled paper divisions for carrying postage 

stamps, information regarding many matters, postage 
sates and other data. 

From the Youngstown Iron & Steel Roofing Co., 
Youngstown, O., a calendar 13 by 20 in. in size, 

containing a reproduction of the famous picture 
“The Bride,’ by Bisson. 

Copies of these calendars can be had up to the 
limit of the supply by writing to the companies and 
mentioning Marine Engineering. 

BOUND VOLUMES 
500 WP oo 

MARINE.... 
ENGINEERING 

For 1898 

UZ 

SND, 

Now Ready for Delivery. 

| Price by Mail $3.50. 
| pees 

The Marine Publishing Co., 
WORLD BUILDING, NEW YORK. 

for sale? MAY, 1397 + 
DO 

Who has a copy of Marine Engineering of this date 

Marine Engineering, World Building, New York. 

YOUR OWN GALVANIZING. 
**Revolution in Galvanizing ’’ 

The multitude of articles that can be galvanized by our new “COLD PROCESS” is without any limit. The thousand of phings here; 
tofore ungalvanizable, for instance, tempered tools and instruments of every description, screws, nuts, springs, locks, ete ,can be g 
vanized in a superior manner. 

Uniformly smooth surface preserved, ick 
years practical use with results absolutely satisfactory. 
refer. 

lh } yoy. © ¢ Thickness of coating regulated. 9 ‘ : 
Territory and shop right for sale. Number of plants running, to which we can 

Galvanizing done at our New York plant, 9-11 Franklin street. 

Saving of spelter 80 per cent. Many other advantages. Two 

U. S. ELECTRO GALVANIZING CO. 
346 Broadway, NEW YORK. 
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RAINBOW PACKING . 
‘Makes a Steam Joint Instantly. 

THE COLOR OF RAINBOW IS RED. 

NOT AFFECTED > RAINBOW PACK- 

7 ING HAS 3 

HONEST JOHN. 

BY OILS, 
ROWS OF 

ALLO He i] DIAMONDS IN 
ARIS) | BLACK EXTEND- 

STEAM HEAT OR | ING THROUGH- 
ALKALIES. OUT THE 

! ENTIRE LENGTH 
PNQUS Re CHUInE OF EACH AND 

Se ae ee NGL EVERY ROLL. 

Fac-simile of a Roll of Rainbow Packing. 

LS yy Who invented and who is the only man in the 

= Jy world who can make or ever has made 

Rainbow Packing. 
RAINBOW GASKETS are especially adapted for Low 

Pressure Steam and Hot Water Heating Apparatus. 

_ PEERLESS DISCS for Russell, Frink, Walworth, 

BUR ow aoe MING: Jenkins, Lorain and Kelly & Jones Valves. 
a_General Superintendent Peerless Rubber Manufacturing Co. 

“IONE ST JOHN.” 
Fd wt 

Made in both Once Tried, 

Straight and 

Spiral Form. 

Always Used. 

Put up in Boxes. 

a HYDRAULIC RAINBOW CORE PACKING. ws 
The Best Hydraulic and Cold Water Packing in the World. 

EZercules Combination. 

Always Tight. Will Hold 

Leaves the 400 Ibs. 

Stem Clean. Steam. 

Metallic Stop Valve Pacizina. 
SEND FOR CATALOGUE. 

Patented, Copyrighted and Manufactured Exclusively by. 

THE PEERLESS RUBBER MANUFACTURING CO., 
1G Warren Street, New Yori. 

16-24 Woodward Ave., Detroit, Mich. 202-210 So. W 
17-19 Beale St., and 18-24 Main St., San Francisco, California. Ose: sect Sty ohicag or Es 
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TT Price each, by mail, $3.30, Extra charges, by mait, $0.50. 
HH, P, SAFETY ; (OVER 10,000 IN USE.) 

POC K ET LI GHT. An ever ready Electric Light for Electricians, Engineers, 
Navigators, Ship Officers, Machinists, Watchmen, 

and tor all purposes wherea safe and handy flash light is desired. 
Gives approximately 6,000 lights before battery requires re- 

newal. No wires to get out of order. No chemicals to spill. Can 
be carried into a cellar full of leaking gas, into an oil tank, alcohol 
and malt vats, or placed ina keg of powder without the slightest 
danger of explosion. Size, 13{in.x gin. Weight, about one and 
one-eighth lbs. JAMES S. BARRON & CO., Manufacturers of . 
and Wholesale Dealers in General Electrical Supplies, 24-30 
Hudson St., New York. 

es Drawing Materials. 
ERD All requisites for 

Marine Draftsmen. 
KEUFFEL & ESSER CO. The largest and best assort- 

ed stock in this line. ‘lhe 
NEW YORK. most complete Catalogue. 

All goods warranted. 

127 Fulton and 42 Ann Sts. CATALOGUE ON APPLICATION. 

BINDERS ot pvenmegene 2 Darah BY MAIL, Toe. 
SOME GOOD BOOKS FOR MARINE ENGINEERS. 

BREAKDOWNS AT SEA AND HOW TO REPAIR THEM. VERBAL QUESTIONS AND ANSWERS 

A record of accidents and accounts of the temporary Given at the Board of Trade examinations for engineers, 

repairs made while at sea, by A. R. LEASK, 252 pages, with 48 illustrations. Price,,.... pon bob S00de6.2.6 akyagtete sss 1.00 

illustrated. Price 

ELEMENTARY LESSONS IN STEAM MACHINERY. 

A MANUAL OF MARINE ENGINEERING. This book is designed for the use of students and sub- 

The designing, construction, and working of marine ordinates in marine engineering, by J. LANGMAID and 

machinery, and other valuable information. This book H. GAISFORD, new edition, revised and enlarged, illus- 

is the standard for reference among marine books; thir- AL JESS) n6 0000000000 90Gd0000000000000000060000060000 2.00 

teenth edition, revised and enlarged, with many illustra- 

sete wee ee ee eee cere eeseeee 6.00 REED’S GUIDE. 

This is a book designed for use in taking examina- 

tions, by A. E. SEATON. Price 

THE NAVAL ARCHITECT’S AND SHIPBUILDER’S POCKET BOOK tions for extra first-class engineers, 216 problems fully 

Of Formule, Rules and Tables, and Marine Engineers’ worked out, with diagrams, etc., by W. H. THORN, third 

and Surveyors’ Handy Book of Reference, by CLEMENTS edition, enlarged and improved. Price.............. noooo GHW) 

MAcKRow, Member of the Institution of NavalArchitects; 

Lecturer on Naval Architecture at the Bow & Bromley 

Institute, 5th edition, revised and greatly enlarged, 700 
USEFUL HINTS TO SEA-GOING ENGINEERS. 

This book tells how to repair and avoid breakdowns, 

and has valuable matter on boiler explosions, etc., to- 
pages, pocket-bookform. Price.................. -.-..«.« 5.00 

gether with useful formulz. Second edition, revised and 

enlarged. Price..:..... 000000000006000000600 g00000000 54 1.40 THE RESISTANCE AND PROPULSION OF SHIPS. 

An exhaustive and technical book by Prof. W. F. 

DURAND, on Screw Propellers. Price......-............ 5.00 THE MARINE STEAM ENGINE. 

By the late RICHARD SENNETT, Engineer-in-Chief 

A MANUAL OF LAYING OFF, Royal Navy, and HENRY J. ORAM, Senior Engineer In- 

A book on Naval Architecture, applying to iron, steel, spector at the Admiralty. A comprehensive and ex- 

and composite vessels, with many illustrations, by haustive treatise for engineers, mercantile and naval, 

THOMAS PEL WATSON BEE: L1CObtceerieenenicnicnenicisicericiice 5.00 UML Caolin(em, TEU IEEE) gonongs00b0060000000000000000000 6,00 

Any of these books will be sent upon receipt of price by 

The Marine Publishing Co. 

World Building, NEWS YORK. 
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PROFESSIONAL CARDS. 

GARDNER & COX, 
Nava ARCHITECTS, ENGINEERS AND YACHT 

BROKERS. 

1 Broapway, New York. 

WILLIAM GARDNER. 

IRVING COX. TELEPHONE CALL, 2007 BROAD. 

GUSTAY HILLMAN, 
Nava ARCHITECT. 

Designer of all classes of Vessels. 
Yachts a Specialty. 

470 GREENE AVE., NEAR NosTRAND, BRook- 
Lyn, N. Y. 

H. B. ROELKER, 
CoNSULTING AND CONSTRUCTING ENGINEER. 

Manufacturer of Screw Propellers for 
Usual and for Special Work. 
The Allen Dense Air Ice Machine for 
Steam Vessels. 

41 Maipen Lane, New York. 

THOS. C. WARLEY & CO., 
BOILER CLEANSING COMPOUNDS 

Main Office: No. 11 So. Ninth St., 
P. 0. Box 1262. Philadelphia, Pa. 

These Compounds are unequalled. 
They give satisfaction where others 
fail. They are especially adapted 
for use in arine Steam Plants. 
Write for Descriptive Circular. 

y Wadiator” 
ASBESTOS AND 

ASBESTO-METALLIC 

Steam 

Manufacturers of 

High . Steam 
Pressure \\ Packings 
Gaskets “=\\ Jointings 
and Pipe 
Boiler and Coverings 
Ashestos of 
Materials all kinds 

Factory 47 Dey St. 
CAMDEN, N. J. NEW YORK 
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, > Extra 

Heavy Gate Valves 
FOR HIGH PRESSURE STEAM. 

Balanced Expansion Joints and Flanged Fittings. 

Send for Catalogue. 

POSITIVELY KILIS - 

cockroaches, water bugs, 

=] COLDWELL-WILCOX CO., Newburgh,N.Y. 

CINSIII, etc. Odorless, BEETLEROACH 222: 
teriorates. Any vessel cleared by experts in 48 hours. 
We supply everything for the destruction of vermin. Con- 

tractors to Waldorf-Astoria, Fifth Avenue, Delmonico’s and 
others. 

: ALLISON PAI SLOLS co., 
143 East 23rd Street, - - - - NEW YORK. 

BLICKENSDERFER 
TYPEWRITER... 

HIGH GRADE 
LOW PRICE = eouies 

See The Blickensderfer Mfg. Co. 
STAMFORD, CONN. 

NEW YORK, CHICAGO, > 

182 Broadway. 195 LaSalle St 

BURDEN IRON CHAIN, 

Trt J.B. GARR COMPANY, 
TROY, N. Y., 

Manufacturers of 

CABLE, SHIPPING, CRANE, DREDGE, STEERING, 

QUARRY, and RAFTING CHAINS. 

American Chain 

Cable Works. 

All Chains and Cables made of Especially Rolled tron 

and Warranted to Stand Government Test. 

A ne Rin A incandescent 
lamp will, at 3.5 watts per c.p. 
efficiency, average a mainten- 

ance of its initial candle power 
for at least 300 hours and have 

an average life of over 600 hours. 

.. BEACON.. 
are the only lamps which can 

and are guaranteed to do it. 

Write us for further particulars. 

Agents wanted. 
= 

atl 

Beacon Lamp Co. 
New Brunswick, N. J 



60 MARINE ENGINEERING. January, 1899. 

KATZENSTEIN’S UNITED STA TES 
METALLIC ail hae 
en ae oo Metallic Packing Co 

Ve HE | 427 N. 18th Street, ‘ Flexible Tubular Metallic Packing 
for Slip Joints on Steam Pipes. ~ U \ 

inca PHILADELPHIA, PA. 
WL HI YW j/, ~ 

Uy 

Y ]/ 

Metallic Gaskets for all kinds of 
Flanges. 

Highest Grade Anti-Friction Metal 
for Bearings. 

Patent Automatic Life Boat De- 
tacher. 

Patent Duplex Water Tight Com- 
partment Doors. 

L. KATZENSTEIN & CO., 
General Machinists’ and 

Engineers’ Supplies, : : 

357 WEST ST., NEW ' YORK, U. S. A. 

“RANDOLPH BRANDT, 
38 Cortlandt Street, New York. | 

£ £ : 

SPECIALTIES. 

SELDEN’S 
PATENT 
PACKINGS 

are made either 
with arubber 
core or a canvas 

Ground Joint 

Rena 

S 

» a, GASKETS ie x ae oe 
| Sick $8, are the best man-hole anc | team, Air and Hydraulics. Highest Pressures. 

iy ® hand-hole gaskets for high 

% yor ) 3 

. iis | The ‘‘Homestead”’ Interlocking Patent Valve requires 

Una water and oils. } norepairing. No washers, no discs, etc., to be constantly 

The best ce of Rubber Hose, Joint Packings | replaced. Send for catalogue and price list. s%& ww 

and other Engineers’ Stores. 

R i Cc BY SIMPLE. CERTAIN. Warranted to Hold 

FRICTIONLESS WATER, AMMONIA, 
Vi ETAL LIC f “Q At High or Low Pressures, 

core and will keep stuffing oe tight with less friction 

pressures. 

Orders filled promptly and satisfaction guaranteed. HOMESTEAD VALVE MFG, C0,, 

With Minimum Friction. 

RO D CAMERA 

than any other packing. ss *Hoinectenl ” Blow- off and 

BRANDT’S PUMP 

Your trade is solicited. HOMESTEAD, PA. 

Pa CKING *" = i” ~The Henry S, Mould Co,, 
a EFFICIENT. DURABLE. PITTSBURG, U.S.A. . 

BRANDT’S TRIPLE EXPA | NSION | Operating Valves. 

VALVES will stand hot 

EPELEEEEDLL EE ED LDL LEED DELLE ELTA DEE EEE DELLE EEE EEEEEEEEEEER PEEEE PEELE EEEE 

WRITE FOR CIRCULAR. 

a bebbebsbdoebsbsebebdieteebebsebeebdiabeebecb saber SeDEERELELALLLL EL ELL LLL A Bho 
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Field and Marine Glasses 

Revolutionized. 

OLD NEW 
Bausch & Lomb-Zeiss field glass. || Best ordinary binocular field glass.) 

Bulky, ac Seo Weak. 

Field of view, Fiel b 
Bausch & Lomb-Zeiss Glass. Ordinary Baa Glass. 

The above is a correct comparison of the relative size 
and size of field of the NEW and OLD glasses of the 
Same power. For sale by all Opticians. : 

Manufacturers? Send for Catalogue. 

BAUSCH & LOMB OPTICAL C0., Ronny." 

Engineers 

Do Not Be Misled 
into purchasing ‘‘ cheap,” inferior, worthless 

packings on the statement that they are prac- 

tically the same as Garlock’s, just as good, 

only cheaper. Examine the two kinds care- 

fully as to quality, elasticity and durability, 

and you will select the Garlock Packings every 

time. 
They have been the standard for nearly 

a quarter of a century and are used by careful 

engineers in all sections of the globe. 

THE GARLOGK PACKING CO. 
NONE GENUINE 

New York p Pittsburgh 
Boston Denver 
Chicago St. Louis 
Philadelphia 

WITHOUT IT. 

Main Offices and Factories: 

Palmyra, N. Y., Rome, Ga. 

ENGINEERING. January, 1899. 

A Perfect Gasket : 

t oselsion ™, 
: Tea TUBING - 

Of any size or shape can be quickly made without waste, 

by using EXCELSIOR GASKET TUBING. Four 

sizes of tubing equip you for making any 

size or kind of a joint. 

High Grade Rubber Belting, Hose, Packings, 

Valves, Springs. 6444446444645 

Manufactured by 

b 2 

e 

8 

: : : 
¥ 
cs 

al H 

% - ‘ 

2 J ; B Fr x a ‘ames Bennett Forsyth, Mfg. Agt. and Gen. Mgr. 

> BOSTON, NEW YORK, BUFFALO, : 
as 256 Devonsuire St. too Reade St. go Pearl St. 

& PHILADELPHIA, CLEVELAND, 
14 N. Fourth St. 150 Water St. 

SADA OAD AAA. 
PPVPVPPPR SPVPPPPPPVPPVPPP 

NONE BETTER THAN THE BEST, 
Asbestos 
MIE 

se 

? 

Self-Lubri- 

cating. 

Will not. burn 

out under 

high pressure 

FOR HIGH OR LOW PRESSURE, SATISFACTION aa AA 
4 

Superior for Steam, Water and Ammonia, and 

all other purposes where packing is used. 

SEND FOR SAMPLES AND PRICES. 

CLEMENT RESTEIN & GD. 
IS North 4th St., 

PHILADELPHIA. | 
175 & 177 Lake St., Chicago. X 

MANUFACTURERS OF 

Gum Core Packing and Packings of Every Description. 

PATENTED 
OEC.147". 1897. 
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IMPERIAL METAL POLISH. 
IMPERIAL MADE BY 
METAL THE RATH 
POLISH. 

MANUFACTURING CO. 
New York—Philadelphia. 

18 and 20 Liberty Street, 

NEW YORK CITY. 

EASILY APPLIED. 

RRADIANT IN LUSTRE. 

[INSTANTANEOUS INACTION. 

AlL METALS, HOT OR COLD. Hancock, Laurel & Second Sts., 

LIQUID OR PASTE. PHILA., PA. 

NEW YORK OFFICE : 

WILLIAM E. BURTON, [lanager. 

EXPORT DEP’T. 
FREDERICK W. KRISTELLER. 

IMPERIAL. Remember the name 

W. P. PHILLIPS & CO,, 
MANUFACTURERS OF 

OIL CUPS, 

LUBRICATORS, 

GREASE CUPS 
—AND— 

ENGINEERS’ SPECIALTIES, 
No. 71 Sudbury St., BOSTON, MASS, 

AMERICAN 

IMPROVED 

ORIGINAL 
THOMPSON 

Ideal Reducing Wheel, Pantograph and Planimeter, 

BOURDON & LANE'S P*=ssuns,an> 
AMERICAN POP SAFETY VALVE. 

34-36-38 Chardon St., 

BOSTON, MASS. 
SEND FOR CATALOGUE F. 

a eee 

| Your 

THOMPSON | 
| Be 

| Happy 
|NDIGATOR. | 
—  |A 

| Ross 

woicator, | Reetilator. 

VACUUM GAUGES. | 

| Water. 

AMERICAN STEAM GAUGE Cco..,| (ROSS VALVE CO., 
New York | 
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“To Whom It May Concern.” 
There is nothing more important about an engine than the 

bearings. If the manufacturers of engines of any kind will con- 
sult us in regard to same, we will give them an Anti-Friction 
metal for wear and durability that can not be excelled. 
For marine engines our 

WHITE BRONZE 
is the best; contains no lead, and will not mix witha metal that 
does. Its specific gravity is lighter than any ‘‘Genuine.’”’ We 
have on hand all grades of Babbitt and Anti-Friction metals, 
copper-hardened down to 8c. per lb. All of our metals run as 
freely as the wearing properties put into same will permit. 
Write us, those of you who are interested in the use of good 

metals. 

PITTSBURGH WHITE METAL C0., 
PITTSBURGH, PA. 

“Lackawanna” 
......Grease Cups. 

For Use on Journals 

(Big and Little). 

Give Positive Lubrication Under all 

Conditions. 

They are 

Not ‘‘ Blind Cups.”’ 

Every ‘‘ Lackawanna”’ An 

THE LACKAWANNA LUBRICATING CO., 
No. 1218 Capouse Ave., Scranton, Pa. 

Customers 

Will 

With 

Steam 

of - 

TROY, N.Y. 
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BALL THRUST COLLARS 
ror PROPELLER SHAFTS. 

THEY CANNOT HEAT. THEY SAVE POWER. _ THEV ARE DURABLE. HUNDREDS HAVE BEEN 
APPLIED BY LEADING BOAT BUILDERS. 

Write for Catalogue. THE BALL BEARING CO. 
New York Office: 12/ Liberty St. 7 WATSON ST., BOSTON, MASS. 

ECLIPSE MARINE ew Lock Up Lock Up “Pop” 
REDUCING 

Eclipses Them All. (= . SAFETY 
= > NO i iT i 

Diaphragm. 9 \/ ALVE 

NO 
Stuffing-Box, Adopted by the Board of 

Supervist: Inspectors 
NIC ae “Wastnnies 

Dash Pot, oy 0: C., i 1892, for ma- 
~ rine use. 

NO — 2 « 

Most reliable and sen- 

sitive in use. 

Entirely frictionless. 

Cannot cock, tilt or 

stick to seat. 

Opens precisely at fixed working pressure, allowing 
no excess above that limit. 

. . Intricate Parts, | 

Only three 

working parts, 

DISK, SPRING 

and PIN. 

Send for Catalogue describing its superior points. 

ROE STEPHENS MFG. COMPANY 
Detroit, Mich., U.S.A. 

SCOTT VALVE CO., Chicago. 

Ey non; Korine Compound Injector. 
THE BEST FOR MARINE, LOCOMOTIVE 

AND STATIONARY BOILERS. 

Send for Circulars and Prices. 

THE JOHN DAVIS CO., 
51-79 Michigan St., Chicago, Ill. 

REGULA- 

Send for Catalogue of the... 

INJECTORS 
HANDLE. 

WILL LIFT 
WATER 
24 FEET. 

AUEUEUOSUOUOREUEEODOOEEOEE 

> ca BRONZE FOUNDRY DEPARTMENT : 
Copper Castings, Phosphor and Manganese 
Bronze, Red and Yellow Brass Castings. 
Capacity 10,000 Ibs. per heat. 2% 2 2% 2 

Takes water at a a 22 Y) tue BYNON-EVANS HFG, CO. 
ment for steam 

puossuresipvary lng = NEW YORK OFFICE ano 1513 Clearfield Street, 

—— STORE ROOM, 107 LIBERTY ST. Boston Office, 42 OLIVER ST. Philadelphia, Pa. 
from 15 to 300 Ibs. 

ATER 
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GRAPHITE AND BRONZE MACHINERY BEARINGS. 

Used on Battleships of the United States Navy. 

MARINE ENGINEERING. 

THE GRAPHITE LUBRICATING CC., 
BOUND BROOK, N. J., U.S. A. 

65 

BUFFALO 

FEED WATER HEATER 

AND PURIFIER. 

In use _on over 40 steamers on the 
lakes. Under various steam pressures 
up to 250 pounds. Send for Catalogue. 

ROBERT LEARMONTH, 

200 Lafayette Ave., 

Buffalo, N, Y. 

THE SNIDER-HUGHES CO., 

THE HUGHES 

IMPROVED DUPLEX 

PLUNGER PUMPS 
Are extra strong, compact and 

durable. They are externally 
packed and are particularly 

well adapted for marine service. 

Catalogue showing different 
styles will be sent on applica- 
tion. 

COE AND HAMILTON STREETS, CLEVELAND, 0. 

SNOW 
Steam Pump Works, 

BUFFALO, N. Y. 

MRM 

Marine Pumps _, 
—o TN 

FOR ALL SERVICES. 

New York: {26 Liberty Street. 

Philadelphia: 946 Drexel Building. 

London: 98 Leadenhall Street. 

Don't Be Misled 
into purchasing any marine pumps without first investigating 

those manufactured by us. The Worthington Twin Cylinder 

Vertical Beam Air Pump is the latest and most approved form 

-- of air pump introduced to the marine 

world, and has become the recognized 

leader of its class. the more recent 

battleships of the United States Navy 

and the cruisers of the Navy of Japan 

are fitted with these machines, and with 

pumps of our make tor boiler feeding 

and general hydraulic purposes. 

The Worthington Admiralty Pump 

was especially designed to meet the re- 

guirements of the British Admiralty 

and the views of the United States 

Bureau of Steam Engineering, Itis a 

machine that occupies the least possible 

floor space and is of the lightest weight 

commensurate with proper strength. 

All of its parts are easy of access and 

constructed of the best possible quality 

of material. Worthington ~ 
Vertical Beam The special experts in charge of our 

Air Pump. Marine Pump Department will be glad 

to correspond with engineers regarding this particular service 

and supply estimates if desired. Illustrated Catalogues will be 

sent for the asking. 

NEW YORK, NTA, 
c ; en G, GhICAE, HENRY R. WORTHINGTON, °' POR 
ST. LOUIS, 724 ARCH ST., SAN FRANCISCO, 
CLEVELAND, PHILADELPHIA, PA. BUTTE. 
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THE “METROPOLITAN” PREVENTS SCALES, 
PITTING, CORRODING AND FOAMING, MAKES 

FREQUENT OPENINGS UNNECESSARY AND 

REMOVES THE CAUSE OF EXPLOSION, SAVES 
15 TO (0% FUEL. 

To “Strangers Yet”’ 

We Will Prove It 

MARINE ENGINEERING. 

KEEP IT OUT 

G R ATI S 25 Yrs. Experience t 

e A Thousand Testimonials. 

January, 1899. 

PHOTO OF SCALE 
7-8 INCH THICK 

~AFAIR SPECIMEN 

WAINWRIGHT 
CORRUGATED TUBE 

SURFACE CONDENSERS, 
10 to 2,000 Square Feet of Surface. 

No paper ferrules. 

thimbles. 
fn nauht Er 

1 Te Ovursar 

Sunrace Cowaansar 

SE 

We also manufacture Feed Water Heaters, Expan- i 
sion Joints, Corrugated Copper Gaskets, etc. 

Taunton Locomotive Manufacturing bors 
TAUNTON, IASS. 

Fo Ss 

No corset-lacing pack- rh 
ing. Tubes fastened at each end with brass | jg 

Absolute freedom from leaky joints. | 

I WILLIAM CRAIG, 

THE IMPROVED ANNULAR 
Ny | \ & 

x » [ & ‘ 
» gre , POWERFUL—ECONOMICAL. 

Gives draft equal to a fan. 

‘vy applied to any stack, and will greatly ® 

¥ increase the draft with a minimum 

amount of steam. Cuts show section of a 

jet and spider to which they are attached. 

Send for circuiars and list of steamers 

[Craig's amit Vacuum and Talk ances 
Consisting of PATENT 

IMPROVED SAFET wae ACTION AUTOMATIC STOP VALVES, 
For Pipes of all kinds: 
under Pressure, for 
Steam, Water or any 
other fluid. 

IMPROVED AUTOMATIC 
EXHAUST RELIEF VALVES. 
For Condensing and Non- 
condensing Engines, Ma- 
rine or Stationary. 

HEATING and CIRCULA- 
TING APPARATUS for 

STEAM BOILERS. 
Improved Safety Quick-Action Stop Valve. 

ADDRESS 

121 Liberty St., New York. 

UNION 
Made in the U. S. 

M’f’d by the 

E.M. Dart Mec, Go. 
Providence, R. I. 

Ne 

Send for Circulars and Prices, 

My ia fiat 
ii a 

Can be 

SET, BEER GAUGE 

awA on which it is used. 

H. BLOOMSBURG & CO., F 

, NEWPORT NEWS, VA. 
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Making Steam STEAM MOTORS 
Revolutionized, BOR 

The Forced Draft Fans 
Paragon Boiler and Driving Boats. 
Pod a eer eG IOAUNpacoricanlae Steamers. 

FUEL BILLS CUT IN TWO. 
The great saving is dueto 

3 years. 
Not a rotary engine, 
500 to 2,000 revolutions per 

unequaled heating surface minute. 
and free circulation of Single expansion or com- 

water. pound. 

For particulars address Economy guaranteed. 

M. DE PUY, 
Patentee, JAMES Un HALSEY, 

1D) Sots SERS 26th and CALLOWHILL STS. 
NEW YORK. PHILADELPHIA, PA. 

MAGNESIA SECTIONAL COVERING SRILEY & COWLEY, 
Snuine Over 85% O20 mee oaty) ors! Carb. of Machinists 

Others so-called are ee Soman FRAUDULENT. PERS Engineers, 
Nine-tenths of 
the U.S. Govern- 
ment vessels. 

MoreHigt.-Class 
Yachts than All 
Other Coverings 

Richards St., Cor. 
Bowne, South 

Brooklyn, N. Y. 

Combined. ; 5 Builders of Compound 
Allleading S. S. and Triple Expan- 
S. B., Owing, sion Engines for 

y andy ppredging Steam aunches: 
/ doaley Yachts and ow Send for Referen- 

peculiestaN ices! Boats. 

Y peor pRcpairs in all of the 
113 TERRACE 83 WARREN STREET, above branches upon 

BUFFALO, — ROBERT A. KEASBEY, NEW. YORK. reasonable terms. 

LE HIS Illustration shows a_ small 

compound engine fitted to a . 

BLOWER OR 

VENTILATING 

FAN. #2 #& & 

We make double engines to meet the 

government requirements, for use in 

connection with the circular pump on 

the Torpedo Boats and Destroyers. 

We also make yacht and electric light- 

ing engines, 

BUTT VETO OTD OVO TE-UUU UPL OE DOL VOL UO 00 OO RU RU Rb 

W. D. FORBES & CO., 

No. 1300 HUDSON STREET, HOBOKEN, N. J., U. S. A. 
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We make a full MARINE First-class repair 
line of simple, com- work promptly and 
pound and triple 
EXPAMSIOM » 5 5 < thoroughly done. 

CHARLES L. KINC, foot of 55th Street, BROOKLYN, N. Y. 
MARINE. ENGINES a ° OTE, 

FROM 3 H.P. UP. SEND FOR CIRCULARS TVarine Engi nes 

AND MACHINERY FOR YACHTS, 
PASSENGER BOATS AND TUGS. 

< = 

5 i 
g r 
= : 

| ) : : 
ot wy 
4 Oo. 
3 & 
4 a 
E aa 
2 é 
< < 

Q. 

Long Distance Telephone, Your Inquiries Solicited. 

SEES! SUS S L 

Morris Machine Works, Baldwinsville, N. Y. JAMES Hi > PAINE & SON, 
New York Office, 39-41 Cortlandt Street. | Cor. Clayton and Park Sts., BOSTON, MASS. 

STE A M ENG | N E for launches, yachts, tugs 
and other vessels. 

We also make a full Marine repair work of all 

line of all kinds of e kinds promptly attended to. 

CRUICKSHANK ENGINE CO., 286 DYER ST., PROVIDENCE, R.I. 
SI BE I 

BY SIMPLY Close any valve in your steam pipe. 
PRESSING A Throw out a friction clutch. 
BUTTON Stop a water wheel. 
YOU CAN Stop a gas or oil engine. 

Stop anything controlled by valve or lever 

If your Engine Starts to Race or RUN AWAY 
THE MONARCH SPEED LIMIT Stops it Automatically. 

SHOULD YOUR 

STEAM PIPE RUPTURE, 
THE MONARCH STOP CLOSES THE BOILER STOP VALVE 

AUTOMATICALLY. 

By placing press buttons in various positions about the ship, your engine or boiler valves can be closed 
almost instantly by touching any one of them. 

Write for Illustrated Catalogue and Particulars. 

THE MONARCH MFC. CcO., 39 Cortlandt Street, NEW YORK. 
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Scamless Cold Drawn Steel Boiler Tubes 
FOR HIGH PRESSURES AND EXCESS DUTY 

.... MANUFACTURED FROM.... 

SOLID ROUND BAR—NO LAPS, SEAMS OR WELDS. 

Cold Drawn Finish and Density of Metal prevent pitting and 
corroding. 
Only Highest Grade of Material Used. Sulphur and Phos- 

phorus guaranteed not to exceed .025%. 
Cold Drawing Renders Metal Very Tough, Increases Tensile 

Strength and Elongation. 
Tubes do not Split or Crack when re-rolled in Tube Sheet. 
Correspondence solicited. Send us sample order and verify 

above statements. 

SHELBY STEEL TUBE CO., 
General Sales Office, AMERICAN TRUST BLDG., CLEVELAND, OHIO. 

MILLS: ELWOOD CITY, PA., GREENVILLE, PA., SHELBY, OHIO, TOLEDO, OHIO. 
Eastern Office and Warerooms: European Office and Warerooms: Western Office and Warerooms: 

144 Chambers Street, 29 Constitution Hill, {35 Lake Street, 

New York, N. Y. Birmingham, England. Chicago, Ills. 

peretpetsttees tweeter eneerres a irateasspes fenaet emt race estates ettate Vetesieeh net moteur ev att ATT ave re astpreatatt ered ttameneeen 

Thornycroft 
Water-Tube Boiler. 

450,000 Horse Power in Use. 

THREE OF THESE BOILERS WILL DEVELOP 6,300 !.H.P. 

Nine United States 
Torpedo Boats fitted, also 
the Pennsylvania Rail- 
road Ferry Boats “New 
Brunswick” and “ Phila- 
delphia.” Highest Effi- 
ciency, Maximum Pow- 
er, Minimum Weight and 
Space. From their light 
weight and great effi- 
ciency they are the best boilers to substitute for 
the old cylindrical boiler. 

Perspective view of the 250 H. P. boiler built for steamboat 
“Clara,” haying 6 feet face and 8 feet length : 37 7-12 square feet of 
grate area and 1900 square feet heating surface. Weight of boiler 
and water, 14,000 lbs. 

We claim for the Boyer Sectional Water Tube 

Boilers, that they are of an entire new design, are 

simplest in construction, are accessible to all parts, 

are rapid steamers with short circulation, have low 

centre of gravity, have no joints in the fire, have no 

dead ends, occupy less space in width, length and 

height than any other, are easily fired, can be re- 

paired or set up by any ordinary mechanic, do not 

require a brick casing and are shipped whole or 

cM eM cH cH knocked down into packages for transportation by 
man or beast. 

THORPE, PLATT & C0,, Bove PaTeNT GECTIONAL WareR Tuse Bolter C0., 
9 CEDAR ST., NEW YORK. 90 Wall Street, New York, N. Y. 
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CLARK’S PATENT SAFETY 
THE TONKIN PATENT@@@® eee 

INTERNALLY FIRED WATER-TUBE BOILER WATER TUBE BOILER. 
For Marine or any Purpose where Steam is Required, | FOr NEES and STATIONARY WORK. 

the tubes in this boiler 
the furnace, and lower- | 

@\ ing the temperature of 
gases, which contracts } 
the metal and causes | 
leaks, The circulation | 

Soot can be blown from 
without opening doorsinto / Now Used in a Number of 

Yachts, Launches and ww 

Passenger Steamers, % 

MANUFACTURED BY 

EDWARD S. CLARK, 

Nos, 272-278 Freeport St., 

SZ Harrison Sq., Boston, Mass. 
H sy, 

THE BUCKLEY PATENT 

OARETY WATER 
TUBE BOILER 

stow is rapid on account of large cham- | 
ber at each end of tubes. The | 

boilers are in use where water isvery bad. Still, the tubes are | 
Lae clean by the rapid circulation. 

ight tests showed from 13.985 to 14.660 pounds of water | 
evaporated per pound of combustible from and at 252° F. | 
We can save money for you. FOR 

Adapted to any pressure up to 500 pounds. Boats and Yachts. 

JOHN EATON, JOHN J. TONKIN, No Tyg a scat 
President Oil Well Supply Co., Room 609, Havemeyer Bldg. this Boiler, ; 

PITTSBURG, PA. 26 CORTLANDT ST., N. Y. For Catalogue and Prices 
address 

ROCHESTER MACHINE TOOL WORKS, 
20 Frank Street, 

ROCHESTER, N. Y. 

ALMY WATER-TUBE BOILER CO. 
MANUFACTURERS OF 

Almy’s Patent Sectional Water-Tube Boilers 
For Marine and Stationary Work, 

Nos. 178 TO 184 ALLENS AVENUE 
(Between Rhodes and Public Streets), 

VONGILISTANGE TELEPHONE: P R OV l D E N C E. R. [. 

KINGSFORD BOILER WORKS, °° 

BRANCH OFFICES: 

15 Federal Street, Boston, Mass., W. H. Bailey, Manager. 

64 Manufacturers’ Record Bldg., Baltimore, Md., John H. Buxton, Manager. | 

Marine Boilers of Special Types i 
every description Marine Boilers for 

designed and constructed Best Material. Steam Yachts, Pas- 

on short notice High Class Workmanskip. 
senger Steamers, 

B Reasonable Prices. 
Estimates given. and Tugs. 

Kingsford Foundry and [Machine Works, 
OSWEGO, N. Y. 
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Generating COMPANY. 
S e ts ° Main Offices: 

143 LIBERTY ST., 

SIZES: NEW YORK. 

31-2TOI61-2 

kK.W. 

PDLILLLXLLA III LILI III II III IIIA IIA KAISER ANIA ADS DADRA 8 

Lundell direct-connected 

@ 
° 

Generators are designed with a view to 

compactness and economy of space, but not a 

single point of merit is sacrificed 

and they can be depended upon for 

continuous, efficient work. 

A new pattern of brush-holder 

removes all commutator 

troubles, insuring cool, ¢ 

sparkless and smooth run- $ 

ning. $ 

We also manufacture direct-con- 

nected ventilating and forced draft 

outfits. b4 

Re 

Lite are 

Address Marine Department. 
Correspondence 

Solicited with owners 

and builders of steam 

vessels of every description. 

Sprague Electric Company, 

00000000000000009900000000000000000000000000000 **3 20 Broad St., New York. 

ooo 999900004 040000000000 00000000 0000 00009000600000000007000OO000 000000000 
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ARE YOU A BOAT OR ENGINE BUILDER ? 
If so, you have need for high quality castings in brass, any of the bronzes, copper, or other metals. 

WE MAKE BOAT TRIMMINGS, ENGINE BEARINGS 
or anything else in any of these metals. Can furnish castings rough, polished, or nickel plated. 

SEND US PATTERNS OR DRAWINGS FOR ESTIMATES. 

STANDARD BRASS WORKS, KALAMAZOO, MICE. 
SS 

Rea aera eas EOE EE SE OOO a aa ESINIZ GAS ENGINE CO] The Best in the United States and Guarantee Superiority. 

Enquire of your boat builder, or address us at 

% 

We are the oldest builders of Marine Gas Engines : 
4 

‘ 
home office or nearest branch office. 

b 
i) 

i 

Is Always 
i Pe i Pe oP Pc Pe oc oP oi Ss of afc ofc Pc i akc ofc 2 ofc ic oc ac fic oc 

PEHLMANN, Jr., 493 Columbus Ave., New York. 
The Cheapest. BUVIC BROS. 128 Monad Stn Algiera, Le 

B. S. CARTER, 125 South 2d St., Philadelphia, Pa. 
oO. J. MULFORD, 99 Woodward Ave. , Detroit, Mich.. 

M ARINE Quadruple and Triple Expansion,Compound 

—— and Simple. 15 to 3,000 Horse Power. *% 

ENGINES -  ¢+Seabury’s’’ Water Tube Boilers. 

Steam and Sail Yachts. 2 2 @& 

The Only Naphtha Launch. Send 10c. stamp for Catalogue. 

GAS ENGINE & POWER CO., 
AND 

CHARLES L. SEABURY & CO., 
CONSOLIDATED, 

Morris spate New York City. 

WILLIAM BROWN. ALEXANDER MILLER 

The Best Outfit for Revenue Service. Engineers, 

Shipsmiths, 
Boiler Makers. 

Power Noiseless. REPAIR WORK A SPECIALTY. 

PLANS AND ESTIMATES FURNISHED. 

BROWN & [IILLER, 
2 FOOT OF MORRIS ST... 

| PENNSYLVANIA R. R. FERRY. JERSEY CITY, N. J. 

Lights Instantaneous. 

High Tension Electric Storage Co., | 

g19--822 Heed Building, : 
(215--17 FILBERT STREET, 

Philadelphia. DRY DOCK AND PIER FACILITIES. 

Factory: SONDERTON, PA. ESTABLISHED 18342. 
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ALCO Hunting Launch. 
Sportsman’s Floating Camp. Motor controlled trom bow. Valve 

movement, 12 to x. 16 to 60 ft. Launches. Twin Screws a 
VV APOR specialty. 1, 2,3, 5, 7, and 12 h.p. No licensed engineer or 

ilot required. Speed and Safety guaranteed. No dangerous 
Raph htha or Gasoline used. No disagreeable vibration. SEN 
TEN CENTS IN STAMPS FOR CATALOGUE. @ 

MARINE VAPOR ENGINE CO., Foot Jersey Ave., Jersey City, N. J. 
Anything from a 16-Foot Tender to a 100-Foot Yacht. meee worons. “) James C. Wignall & Son, 

BOAT BUILDERS, 
Beach and Vienna Sts., ast 
Kensington, Philadelphia, Pa. 

@w Residence: 1025 PALMER STREET. 

THE PAI! vil LE R.| STEAM “0 SAILING YACHTS, 
‘enyiiningin HOMOGE BOA csc GUNNING, FISHING 4x0 

DAIMLER MANUFACTURING CO., SPORTING BOATS 
937-945 Steinway Avenue, Steinway, Long Island City, N. ¥. OF ALL DESCRIPTIONS BUILT TO ORDER. 
a EE EY TES 

tary 

66 BERS at a ae 
PERFECTION” AIR MATTRESSES. 

H S.S. ‘*St. Louis’? and «St. Paul’’ fitted with them in 1894-5 and»in use now. 
} Kiundreds of yachts and boats using our lite=-preserving mattresses and cushions. 

Write for Free Catalogue. 

MECHAWICAL FABRIC chee 
PROVIDENCE, _F. I. 

YACHT TENDERS, 
Se OE SS ESS SEES 

Strictly first class small 
boat work of all kinds. 

2 and Non=Absorbent, 

} ‘Pury ATeUIPIO 94} JO dATOM | 
| SsUIJSeINQ—poq 2993; 49q V 

| Air Tight, Perfectly San 

ROW BOATS, 

DORIES, 

CANOES, C.B. MATHER &CO., 

? x 
) q 
te 4 
te | 

FOLDING BOATS. ee Rowley, Mass. 4 | 
2c 2 Bic ic Bi ic oc i oc ac fc ic oir oc ofc (Pk oe 

CROSBY'S CATS. 
H. MANLEY CROSBY, ea GAS AND GASOLINE DESIGNER AND 

cot 4 ENGINES «> LAUNCHES. or nee GRADS ? Eig cate CAT BOATS, ngine Castings. KNOCKABOUTS, 
Propeller Wheels. RATERS, 
Boat Frames. LAUNCHES, Etc. 

New AND SECOND Hanpb 
MIANUS ELECTRIC CO., Boats IN STOCK. 

mapa Foot 45th St., Brooklyn, N.Y, 
MIANUS, CONN. ; TELEPHONE, 117 Bay RIDGE. 
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EXPERIENCE 40 YEARS 
MANUFACTURING 

Yachts, Schooners, Ships, Barges, Scows (Deck 
HAND POWER and Bilge), Contractors’ ’renches, Vaults, 

PUMPS— Cesspools, Manholes, Brick Yards, Mines, Irri- 
FREE AND FORCE. gating, Tanneries, Weir Pole Driving, or for 

any duty where Hand Power is used. 
WINCHES. Cargo, Chandelier, Derrick, Portable and Centerboard. 
WINDLASSES. Gypsy and Pump Brake. 
STEERING Cape Catboats, Knockabouts, Sloops, Schooners, Ships, 
GEARS. Launches and Steamboats. 

RELIEF STEERING GEARS. Steam Yachts, Steamships. 
CAPSTANS. Common and Power. 
FANCY WOOD STEERING WHEELS. 19 inch to 72 inch. 
BRASS Stanchions, Deck Plates and Gratings, Hood Venti- 
WORK. lators. 
MECHANICAL FOG HORNS. King (Lever), Edson (Crank). 

Street Sweeping Machines. Automatic Bottle Fillers. 

Send for Illustrated Catalogue. 

EDSON MANUFACTURING CO., 
132 Commercial St., BOSTON, MASS. 

VESSEL MACHINERY AND SUPPLIES. 
Windlasses, 

Captans, Pumps, 
Steering 

Apparatus. 

Marine Monitor 
Side Lights. 

Contractors’ 
Supplies. 

Shipbuilders’ 
Supplies. 

¢ Oakum, Caulking 
Cotton, Deck 

Plugs, Pitch, Tar. 

General Line of Ship Chandlery, Marine Hardware, Cordage, Wire. 

Rope, Yacht Supplies, Flags, Signals, etc. 

Marine Manufacturing & Supply Co., 158 South St., 
New York. 

MARINE ENGINEERING. January, 1899. 

LLL LLL SSLLZALA IRAE AAA 

No fire, Smoke or Heat. Absolutely safe. Send 5 cents for catalogue. 
TRUSCOTT BOAT MFG. CO., St. Joseph, Mich. 

VAto. ALTENEDER & SONS, 
EOR DRAWING INSTRUMENTS: 

(S45 ROSE AVE.; PHILADELPRLA) 

DURKEE, 
GALVANIZED AND BRASS 

Marine 

Hardware. 
Yacht Supplies of Every Description. 

Telephone, 736 Broad. 

26 SOUTH ST., NEW YORK. 

—_——S—_—— 

6 H. P. 

THE FASTEST YACHT IN THE WORLD. 

( o7 as >) 

Sizes 1,2 and 4 H. P. Single Cylinder ; 2, 4, 
6, 8, 12 and 20 H. P. Double Cylinder, 

EMPIRE MARINE MOTOR 
For Launches, Yachts and Working Boats. 

"* ©, C. RIOTTE CO 
Ce oe YY 

COMPACT, 

SIMPLE, 

1955 PARK AVE., 
°? NEW YORK CITY. 

LIGHT. 

: 1H. P. 

Triple and Quadruple Expansion Engines, 

& 
GREATEST 
EFFICIENCY. 

MAXIMUM 
POWER. 

MINIMUM 
WEIGHT AND 
SPACE. 

THE MOSHER PATENT =< 
WATER TUBE BOILER. : 
Over 11,ooohorse { 

power of these 
boilers in the tor- 
pedo boats of the 
U.S.N. ‘ 

“& . 

HIGH SPEED STEAM YACHTS A SPECIALTY. 

Send for Iilustrated Catalogue. 

CHARLES D. MOSHER, (| Broadway, New York, 
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ESTABLISHED 1840. 

Geo. B. Carpenter & Co., 

SHIP CHANDLERS AND 

SAIL MAKERS. 
Cordage, Blocks, Chain, Oakum, 

Cotton Duck. 

MARINE HARDWARE. 

We invite correspondence from builders and owners, and will furnish estimates on application. Send 8 cts. in stamps for our Marine 

| 202-208 S. Water St., Chicago, III. 
General Western Agents, PEERLESS RUBBER MFG. CO. 

Every man interested in marine work should have at hand the best books devoted 

to the latest developments in engineering as applied to marine work. 

¢ . Marine Engineering can supply them at market rates. 
SS 

d. Spencer Turner Co. Cotton Duck 
109 Duane St., New York. OF ALL WIDTHS. 

VPOVOVOPOD POVOVOVY? VIGIVVVP PVPVIVOVOD | W. 3 $ 
e e F OGG Manufacturer of $ S. HEMMMENWAY &z SON, 3 

oe oe e @ 

Cushions, Draperies :; Sail Makers, 
e 

© ALSO SC 
and Bedding .... ; MANUFACTURERS OF 2 

2 e 

FOR YACHTS, STEAMSHIPS, Etc. |$ TENTS, FLAGS «> COVERS. 3 
$ Send 5 cents for 2 60 South Street, $ 

195 Front Si; Cor. Fulton St. O Illustrated Catalogue. u% New York City. $ 

sé TELEPHONE 527 JOHN. °@ 

NEW YORK CITY bee a: 
99909999 999909999 9990999999999 9HO9 OOO 

ETE Harrison’s Machine Made Sails, 
CANVAS COVERS, TARPAULINS, 

SHIP CHANDLERY 
and Yacht Supplies. 

Second-Hand Canvas Yacht Coveiing. 

pod JOHN HARRISON, 
<i 167 South St., NEW YORK 
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5 WATERS 

Steam Steering Engine. 
i | SIMPLE, DURABLE, CHEAP. 

= Guaranteed to hold rudder in any position and to 
e/a / aaa be perfectly NOISELESS. 

Very economical in steam consumption and repairs. 

Waters Automatic Sight Feed Lubricator 
= il for Beam and Inclined Engines and Low Pressure — 
7) ; Cylinders. Send for Circulars. 

ie GEO. H. WATERS, 
- 201 River Street, Hoboken, N. J. 

Queen City Patent | STURTEVANT 
Alydraulic Steerer. Generating Sets 

THE BEST AND MOST RELIABLE, 
GENERATES NO EAT IN PILOT HOUSE, 

Has Large Hand Wheel. 

Can be Changed from Power to 
Hand Steering Instantly. 

A Favorite with Pilots. 

SEND FOR REFERENCES. 

Queen Giry Eneincening Go, 
BUFFALO, N. Y. 

BECK’S PATENT 

OUEERING GEAR 
Tene ans Hand. 
Built in all Sizes, 

Simplest, Strongest, 
Most Reliable. 

Changed from Steam to f 
Hand or back by One H SIZES UP TO 65 K. W 

L in 1 th : : 
One Gecsna. on ; Send for Catalogue. 

aa | 8.F. STURTEVANT CO. 
BUILT BY r 

Works: Boston, Mass., U. S.A 

PAWLING a HARNISCHEEGER, NEW YORK. CHICAGO. aD ESE A: LONDO= BOSTON. 
MIE WACKEE RWIS: CLASEOW UALR STOCKHOLM. 

KILBOURN | CONSTRUCTION CO., Sena 

36 Machines 
ON STEAMERS OF 

THE INTERNATIONAL 
NAVIGATION COMPANY. 

Following Steamship Lines Equipped 

: CUNARD, LEYLAND, 
HOUSTON, GUION, WARREN. 

Small Machines 
Specially Designed for Yachts. 

KILBOURN MACHINE ON CRUISERS “ST. PAUL”? AND ‘ST. LOUIS.” Pioneers in Steamship Refrigeration. 
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U. T. HUNGERFORD. TELEPHONE pater 
' 

GEORGE DAVIDSON. 259 FRANKLIN. 
BERNARD RIS. 

J. R. VAN BRUNT. 

U. I. HUNGERFORD, 
Brass and Copper, 

121 Worth St., between Centre and Elm Sts., New York. 

SEAMLESS BRASS AND COPPER TUBING 
For Condensers, Heaters, Steam Pipes and 

Coppersmiths’ Work generally. 

SHEET AND BOLT COPPER. 

YELLOW IWETAL 

SHEATHING, BOLT 

BRASS AND COPPER 

In every Variety of Shape and Form. 

We carry a large stock of all above goods on hand for prompt 
shipment. 

Catalogues and Prices Submitted on Application. 

SEAMLESS DRAWN 

Brass and Copper Tubing | 
GUARANTEED QUALITY, 

Coppersmiths’ Work, Steam Pipes, : 

Condensers, Heaters, &c., &c. i 

SHEETS, COPPER, 
RODS, IN BRASS, 

WIRE, BRONZE. 

Yellow Metal Sheathing Bolts and Nails, | 
MATERIAL FOR SHIP WORK 

A SPECIALTY. 

Manufacturers of 

B BABBITT 110 ANTL-FRICTION METALS. | 

} MERCHANT & CO,,!scometed. 
PHILADELPHIA, 517 Arch St. 

CHICAGO, 36 La Salle St. 

NEW YORK, 245-7 Water St. 

BROOKLYN, 584 Flushing Ave. 

MARINE ENGINEERING. 77 

Organized 1812. Incorporated 1843. 

BENEDICT & BURNHAM MFG.CO. 
Waterbury, Conn. 

Sheet Brass, Copper and German Silver. 

Brass and Copper Bolts, Rods and Wire. 

Seamless Brass Tubing 
For Condensers, Steam Pipes, Heaters, etc. 

Seamless Copper Tubing 
(Guaranteed absolutely pure Lake Superior 

Copper) for general coppersmith and ship 

work. 

Seamless Nickel Silver Tubing 
For railings on yachts and other vessels, 

Ornamental and durable. Far superior to 

nickel plated Tube for any purpose. 

SEND FOR CATALOGUES AND PRICES. 

::: DEPOTS::-: 

253 Broadway, NEW YORK. 172High St., BOSTON. 
Cor. Lake and Clark Sts., CHICAGO. 

SEAMLESS COPPER AND BRASS TUBES COLD 
DRAWN 

From 7th up to 38 inchesin diameter. ¢ 

CONDENSER TUBES AND SEAMLESS TUBES 
FOR SHIP WORK A SPECIALTY... .. . 

} : 

< ‘ As eras or 2 4 is a 

WATERBURY 
RANDOLPH & CLOWES, CONN. ~ 

New York, Room 202 Postal Telegraph Building, ._. 
PHILADELPHIA, Room 320 Philadelphia Bank Building. 

BRANCH OFFICES; CINCINNATI, Room 308 Neave Building. 
CuIcaGo, 226 Lake Street. 

(Boston, Oliver Street corner of Purchase Street. 
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Paul S. Reeves & Son, 
PHILADELPHIA, PA., 

Manufacturers of 

Propeller Wheels 
in all the BRONZES. 

Marine Castings a Specialty. 

Sheriffs Manufacturing Co., | Phosphor-Bronze, Brass, Babbitt Metals. 
MILWAUKEE, WIS. 

Castings from 34 to 10,000 tbs. Weight. 

Nall Mala Bhd og Sy 

ate rb 
“gt : Hardening : 
i CUSTOM WORK =8Y 2 

° ew: 

= Coes’ “Pyro-Calcic” Process. + 
x HEAL, COE es CO), = 
5 BOX 12, STATION B, 

oe 

ce 

<gt bo. 

= a Stow Mfg. “Co., Binghamton. W. ¥. 
} Established 1875. — 

j INVENTORS AND LARGEST MFRS. IN THE WORLD OF THE 

STOW FLEXIBLE SHAFT 
FOR ALL PURPOSES. 

Our Combination of FLEXIBLE SHAFT and IRONCLAD: 
ELECTRIC MOTOR is almost indispensable on any vessel having 
an Electric Current, for portable DRILLING, TAPPING, REAM- 
ING, etc. It can be easily transported to any part of the same, and. 

SELIG SONNENTHAL & CO., repairs made in a fraction of the time required by hand. 
Correspondence solicited. 

General European Agents, 

85 Queen Victoria Street, 

London, Eng: WRITE FOR CATALOGUE AND PRICE LIST. 

BAD TEMPERED CHUCKS. 
Drill chucks that can’t keep their temper have lost many a 

machinist’s temper too. 
The jaws soon wear, and the drill slips—always at a critical time. 
Pratt Positive Drive Drill Chucks keep both their own temper and 

the machinist’s. Tools held by them never slip. The flat endof the drill 
is inserted in the positive driver just above the jaws, and once their 
it cannot slip, even if the jaws are not tight. The Pratt Chucks are 
made to standard gauges, and are interchangeable. Cost no more 
than ordinary kinds. 

SEND FOR BOOKLET. 

PRATT CHUCK CO., 
Frankfort, New York, U.S.A. 
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ARE YOU RUSHED? 

Belt Driven, A = 
Pneumatic oe 

and Electric making 
Portable Pneumatic 

Chipping, 
Caulking 
and 
Rivetin a g 
Tools. 

It is cheaper to take 
tool to large work than 
work to tool, that is if 

the tool has the push. 

Our No. 4 size is drill- 

ing 1,8; in. holes in 
nickle steel 9 in. deep 

in 20 minutes. 

In rushed work sev- 

eral machines can be 

used on a single piece. 

THOS. DALLETT & 60, 
York St. and 

Sedgley Ave., 

PHILADELPHIA, PA 

MORSE TWIST DRILL AND MACHINE 6O., 
NEW BEDFORD, MASS., U. S. A. 

HINDLEY 
WORM 
GEARING 

Is in general use in the ma- 

chinery of modern vessels. 

Write for our descriptive cir- 

cular, showing how this style 

gearing gives THE BEST 
RESULTS. 

MANUFACTURED BY 

MORSE, WILLIAMS & 60., 
PHILADELPHIA, PA. 

I V V M i | | i O er | Ing % aes NET RATCHET. FOR FOR ae : 

RILLING RICH ELEGE eT AND SMALLER. 

Machines O 90 0 e No. 1 Renshaw Ratchet. 

of a style shown in the cut, made in six sizes, with single or double heads, reversible feed 
patent adjustable stop motions to prevent breakage of teeth as the work is run up to the 
mills. Other style Machines and Milling Cutters in great variety for Tool Making and 
manufacturing; ‘Cutter Grinding, Bolt Threading, Drop Forging, Die Sinking, Gun Mak- 
ing and Automatic Turret Head machines; Taps, Dies, Reamers, Combination Lathe 
Chucks, Renshaw Ratchet Drills, Gauges, and Standard Measuring 3 Machines of 12 to 48 
inch capacity. . . Ask for Catalogue No. 41. 

THE PRATT & WHITNEY CO., 
Hartford, Conn., U. S. A. "MMT 

New York, 123 Liberty St. Boston, 144 Pear! St. Chicago, 42 South Clinton St. London, Eagland, Buck & Hickman, 280 

Whitechapel Road. Paris, France, Fenwick Freres & Co., 21 Rue Martel. 

> 

THE.... Compiete + 
: Equipments 
i eee For i 

, ‘> OL SHIP YARDS, 
| WORKS BOILER YARDS, = 

; COMPANY, AND . 
HAMILTON, OHIO. MACHINE SHOPS. 3 

> 
MACHINE-TOOLS. 

No. 5 BENDING-ROLLS Branches: > 
Fo1 Plates tes /3/4 in. x 12 f in, x 12 ft., Cold. NLONS MORK OLETIOIANERD) (® 

BOSTON, PITTSBURGH, ® 
PHILADELPHIA, ST. LOUIS. ® TOR AIL All Sizes 

; ROL | Ss ae And Boiler Plate LONDON, S. W., 39 Victoria Street. 
s 

(Telegrams, ‘‘Niléacus, London.’’) 

SSF FSSSSISSES SSSSSS PPSSSSSSSSISOSS os 
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ARE BEST. 

Improved Pipe ‘Threading and Cutting Off Machines, 

Sizes, % to 6 inches. Hand or Power. 

ARMSTRONG’S Celebrated Adjustable STOCKS and DIES. 
Universally acknowledged to be the best on the market. 

film Pipe Wrenches, Pipe Cutters, Clamp Dogs, and other Tools for 
a Water, Gas and Steam Fitters’ Use. 

GOT A CATALOGUE ? 

ARMSTRONG’S TOOLS fii "Zs, 

Ge Oh Sari aaa en eRe Ot BRIDGEPORT, cod New No. 3 Pipe Cutter. 
Power Attachment. P 

BEMENT, MILES & CO., 
PHILADELPHIA, PA., 

Manufacturers of 

METAL WORKING 
MACHINE TOOLS 

For Shipyards, Boiler Shops, 

and all kinds of 

METAL WORKING ESTABLISHMENTS. 
NEW YORK OFFICE: 5. ce¥ttanat Sireet 

Chicago Office, 1534 Marquette Bldg. 
63 IN. LATHE 

AY 
ae 

AY 
av 

A STEAM _ _ LZ OUTLAY 
fat Ke 

AND 

— REPAIRS 
| 7 REDUCED 

TAKES ITS __— Be i _——_—sdTOA 
POWER 4) Bseealll ees femme MINIMUM. 
DIRECT —32°=% tetas... 

FROM THE——t 
BOILER. 

RIVETER. 

A SAVER OF 
DOLLARS. 

Ze) 

1,000 Rivets per Ten Hours. Rapid, Effective and Reliable. 
FOR FURTHER PARTICULARS, 

BETHLEHEM JROUNDRY AND YACHINE @O., 
SOUTH BETHLEHEM, PA. 
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MA THE HIGLEY igiXtue KEEL BLOCK 
Suitable for all drafts of Dry Docks. Send for particulars. 

HIGLEY KEEL BLOCK CO., = 45 14th St., HOBOKEN, N. J. 

Electric Search Lights | pox’s awerovs2.co"si*°, WINDLASS, 
FROMA4AD most Feascuablena price. Let us just name 

t the ma- 
1,000 to 10,000 Eninesl im ae, Steam 

Yachts—‘‘Chere Amie,”’ 
Candle Power U. S, Engineers’ Ser- 

vice, New Orleans; 
ADAPTED TO ‘“‘Manatee,’’ Corinthian 

Yacht Club, Philadel- 

Lake & Ocean Vessels, } &siance °° J 
Particulars 

LSO T Cheerfully 
aS ) Furnished. 

Launches and Yachts. ALFRED BOX === s P 

SEND FOR CATALOGUE “A.” & 00., 
The Carlisle & FinchCo., Mront, Foplang. 

F) 

eee ere Ouro. | PHILADELPHIA,PA 
OO a 

FORGINGS, |: Free ere a eoics, Heavy or Light, Steel or Iron, 

Marine, Stationery, or Special, 

Rough or Finished Complete. 

The Whitestone Forge & Construction Co., 
Offices, 11 Broadway, New York. 

HACKMATACK KNEES AND CEDAR BOAT BOARDS. 
YACHT MATERIAL A SPECIALTY. 

119 Freeman Street, Telephone 

Greenpoint, Brooklyn, N. Y. 162 Greenpoint. 
oP SB oP ac ic oc oc afc ac of oc or oc oie ic oc oc ic oc li aie oc a oc a a afi alc ic a 

FRANKFORD STEEL COMPANY, -LtW0oD city, LAWRENCE CO., PA. 

STEEL FORGINGS, HEAVY SHAFTINGS. 
in the Rough, Rough Turned or Finished. Office, Fidelity Mutual Building, PHILADELPHIA. 
SSL ere 

LOD 9999999999 999999 49949909 O9000000 CL OSPODP DOOD OOO OOOO OOOO DOO OOOO OOOO OOF 

TRE FAOTEST BOAT IN Tht NAVY 
The Torpedo Beat Destroyer FARRAGUT, on her 

official trial, steams over THIRTY KNOTS. 

PA IAS 

i Fe Pe Pe Pe He Pe 

The engine Forgings and Shafting for this 

Boat were manufactured by 

THE BETHLEHEM IRON COMPANY, 
SOUTH BETHLEHEM, PENN. 

BRANCH OFFICES: 

100 Broadway, 421 Chestnut Street, 1433 Marquette Bldg., 

NEW YORK. PHILADELPHIA, ¢ CHICAGO, ILL. 

Pee SX SSS ER 
9S O9O9 9999999999999 99999 H4HOHHOO9H9O99HO999999909O 

99 DOOO 99999999999 H9009000099H0999999H9H99H09F 99999999 H099OOOH 99909000000 
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C yONEER| SiN 
aN 

THE AMERICAN 

PNEUMATIC TOOL Co., 
844 WASHINGTON STREET, NEW YoRK. 

Manufacturers of Valve and Valveless Pneumatic Tools for Caulking Boilers, Tanks, Ships, 
Water Mains, Stand Pipes, Light and Heavy Clipping in all Metals. 

Our Patents, which we claim to be exclusive of the use of all other Pneumatic Tools, have thus. 

far been sustained BY the courts. 

Marine Engineering 
.. TAUGHT BY MAIL... 

Thorough instruction in the theo1y of marine engineering. Stu- 
dents need not lose time from work. Endorsed by engineers, 
firemen and other students in the United States Navy and mer- 
chant service. 
The Marine Engineers’ Scholarship includes instruction in 

Mathematics, Mechanics, Mechanical Drawing, Steam and Steam 
Engines (Marine), Steam Boilers (Marine), Dynamos and Motors. 
The course is designed to give students a thorough knowledge 

of the theory of marine engineering and enable them to pass all 
examinations required inthe U. S. Merchant Marine. 

THE CRUMLISH 

PORTABLE FORGE 
FOR RIVET HEATING. 

The strongest, lightest and 
handiest forge on the market. 
Constructed of steel, circular 
in form ; weighs only 90 pounds; 
Ig inches in diameter. Used 
by the leading steamship com- 
panies and shipyards of the: 
United States. 

Circulars fully describing the method of teaching, sample 
pages of the instruction papers and testimonials will be sent free. 

/ THE INTERNATIONAL CORRESPONDENCE SCHOOLS, 
Box fill, SCRANTON, PA. 

BOYER PNEUMATIC TOOLS 
ror RIVETING, DRILLING, CAULKING, 

convection win SHIPBUILDING. 

SEND FOR CIRCULAR, 

The Grumlish Forge Go., 
BUFFALO, N. Y., U. S. Aw 

BOYER DECK RIVETER AND PNEUMATIC HAMMER 
PISTON AIR DRILL REAMING. ON FLUSH DECK RIVETING. 

BOYER PNEUMATIC HAMMER AT WORK CAULKING, AND THE 

TOOLS SENT ON TRIAL, SUBJECT TO APPROVAL, AND MAY BE RETURNED AT OUR EXPENSE 
IF NOT SATISFACTORY. 

CHICAGO PNEUMATIC TOOL Co., 
(22 LIBERTY STREET, 635 MONADNOCK BLOCK, 

NEW YORK. Send for our Special Edition Catalogue. CHICAGO. 
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CABINET HARDWARE Wy 
AND TOOLS 

HAMMACHER, SCHLEMMER & CO. 
NEW YORK 

The Atlantic Works, 
W. & A. Fletcher Co.,|.. BORDER, MAVERICK and NEW STS., 

NORTH RIVER IRON WORKS. 

HOBOKEN, ™. J. 
PT 

Steamers, Marine Engines, 

Boilers, Repairs, Etc. 
FLOATING DERRICK. 

EAST BOSTON, MASS. 

(Docks opposite Navy Yard.) 

Builders of ———__=_=_ 

AMPLE WHARF. 

STEAMSHIPS, TOW BOATS ,»° STEAM YACHTS 
IN STEEL AND WOOD. 

Marine Engines, Boilers, etc. Hull, 

Boiler and Engine Repairs. % % %* 

NEWPORT NEWS SHIPBUILDING & DRY DOCK CO. 
WORKS AT NEWPORT NEWS, VA. 

(ON HAMPTON ROADS.) 
Equipped with a Simpson’s Basin Dry Dock capable of docking a vessel 600 feet long, drawing 25 
feet of water, at any stage of the tide. Repairs made promptly and at reasonable rates. 

SHIP AND ENGINE BUILDERS. For estimates ian urther 
particulars, address 

Cc. B. ORCUTT, Pres’t, No. | Broadway, New York. 

Roach’s Shipyard. 

The Delaware River . 

Iron Shipbuilding and 

Engine Works, ... 

Chester, Pa. 

— Builders of Steamships and Marine 

Machinery. Facilities for Work of 

Every Description. 

>= 

General Office and Works, - - CHESTER, PA. 

>= 

New York Office: 

MORGAN IRON WORKS, Foot East Ninth Street. 

Established 1863. 

The Harlan & Hollingsworth Co., 
Wilmington, Delaware, U. S. A., 

SHIP BUILDERS. 
ohhh4h444444 

Incorporated 1867. 

Iron and Steel Vessels of all Kinds. 
Engines, Boilers and Machinery Generally. 

<>—_ Torpedo Boat Destroyers. 

44 & 4 

STEAM AND SAILING 

YACHTS 
OF THE HIGHEST CLASS. 

& SSSLAAELASH 

A SIMPSON PATENT BASIN 

DRY DOCK 
OF 340 FEET LENGTH AND 14 FEET OF WATER. 

SSLA4EELELELSALES 

Special Designs and Specifications. 
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CPOs eine ware TEBo’sS 
Globe Iron Works Company, | YACHT BASIN, area “tn: 
Pulcers of High Class Steam Yachts, ! Foot 23d Street, BROOKLYN, N. Y. 

Such as Yacht “Comanche,” Ocean Tug ‘“‘R. W. Wilmot,” 
Revenue Cutters ‘‘ Gresham,” ‘“‘ Algonquin,’”’ etc. 

THE GLOBE eatent Steam Sreeninc ence | FLOATING DOCK AND SHIPYARD. 
THEO. A. CRANE’S SONS, PROPRIETORS, 

Erie Basin, South Brooklyn. 

| CAPACITY OF DOCK, i200 TONS. LENGTH OF KEEL BLOCKS, 200 FEET. 
TELEPHONE, 236 HAMILTON. 

The Morse 

Iron Works, 
Shipsmiths, 

Machinists. 

Best of facilities 

for docking and re- 
SOLE AGENTS IN THE UNITED STATES FOR 

ELLIS AND EAVES INDUCED DRAUGHT. 
Results of this installation on Steamer “Idlewild” in conjunc- 

tion with two new feathering paddle wheels, shows 5 miles an hour 1 
faster time, loaded, 4 miles an hour faster time, light, on aconsump- { 
tion of 15 per cent. less coal. 

CORRESPONDENCE SOLICITED. 

Steel and Wooden Steam Vessels. f BETTER THAN RY OGKS 
or yachts, torpedo boats and_ light | Ad 

im | Gl N ES Misplacemént vessels, also for ublomer ua 

WATER TUBE BOILERS (Gent Tube Type). | (CRANDALL'S MARINE RAILWAYS. 

pairing vessels, 

BROOKLYN, N. Y. 
Foot of 26th and 27th Sts. 

Plans and 

estimates, ma- 

chinery and 

materials. 

Constructed 

H of either timber 

{ orsteelforships 

f of any size. 

<< 

i er. H. 1. GRANDALL & SON, encnzzrs, 
ully equipped steel vesse plant. Establishe 0 

i ct Oe MERRION ance, | (AOD Rott Street, Hast Boston, Mass., U. 8. A. 
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ASBESTOS AIR CELL FIRE BOARD! 
(Ree. TRADE Marx.) 

For Lining of For Covering 

Bulkheads, Steam Boilers, 

New York Asbestos Nife. Co., 
287-291 DOUGLASS STREET, BROOKLYN, N. Y. 

The Charles Hillman_- = Ship and Engine 
Beach above Palmer St., Philadelphia, Pa. Building Co._* 

THE CHICAGO THE CLEVELAND SHIP BUILDING CO. 
SHIP BUILDING COMPANY, 5 

SHIP BUILDERS and ENGINEERS, ooo steel Ships. 
CHICAGO. Marine Engines «*° Boilers, 

TT. Ss MARVEL & CO., Newspunrea, N. Y. 

Eo aiR Ave ENGINE BUILDERS. — 
peersted 103 Bema IEE WIS INIXON, aa 

THE NEAFIE & LEVY 
_SbIpbailder, famine N. J. 

BUILDER OF STERN WHEEL, PADDLE AND SCREW 

Steamers, also zee 
OF ALL KINDS 

Torpedo Boats “ wstze.. 

PATENTED. 

®6® 

Ship Engine Bui and Barges Seem 

Penn Works, Philadelphia, Pa, U.S. A. A SPECIALTY MADE OF | 
South American and Alaskan River Boats. 

@03BO22 8B EE SS 

BUILDERS (OF Cram p's Ship Yard, 

; . PHILADELPHIA, PA. 
lron and Steel Ships and Engines Battle Ships, Cruisers, Passenger and 

OF EVERY DESCRIPTION. SS ee Steamships, etc 
SURE SUSE EMR one ery descriptio cluding bo ilers 

ent; Marin e Sines of ee cs eee ow rs 

W/BRBB DD OB ain Guns ea 0 Bran T ry Dock and Ma et: ; 

cuca pasa and White BTacee W: ater Tube Bo sien 

(Niclausse, VV farrOM) na AA tren iopetttetin 

4 2 AREA oF Pan, NG EIS twoacres, + ver y ngs, 
Steamship Repairs Office: fiftee Delay re ri oer front, if 543 3 fe aS, 

FLOATING DERRICK “1 alee ta apacity 130 tor vith 60 

d 36 feet ou eet hoist a of boo 

A Specialty. 1336 Beach St., Philadelphia, Pa. NUMBER OF MEN EMPLOYED, about 6,000 in all depart: 
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Complete Your 1898 Volume 

VARIN FNGINEERING 
By Ordering 

Missing Numbers Now. 

Only a few 

copies remain of 

January, February, 

June and October. 
0-0-0-0-0-0 

) 

WORLD BUILDING, 
NEW YORK. 

FRENCH » COOKING # RANGES, 
and Cooking Appa- 
ratusof every descrip- 
tion for Steamships. 
Yachts, etc. 

Established 1852. 

Branch Salesrooms, 

79, 81, 83 

Market Street, 

Chicago, I1l.; 

6 Union Street, 

Boston, Mass. 

DUPARQUET, HUOT & MONEUSE CO. 
Office and Warerooms: 43 & 45 Wooster St., New York City. 

BALDT’S PATENT STOCKLESS ANCHOR. 
Made of the finest quality of open- 

hearth steel. Send for pamphlet to 

BALDT ANCHOR CO., Chester, Pa, 

THOS. PRICE, 
136 Liberty St., N.Y, 

WALTER MILLER, 

Western Reserve Bldg,, 

Cleveland, Ohio, 
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THE MONSTER WHITE STAR LINER OCEANIC 

LAUNCHED AT BELFAST, IRELAND. 

Our frontispiece shows the launching of the White 

Star Line steamship Oceanic at the yard of Harland 

& Wolff, Belfast, Ireland. This event took place on 

Saturday, January 14, so our readers will appreciate 

that some quick work was necessary to get the instan- 

ee ECUES 
rept 

WHITE STAR TWIN-SCREW S.S. 

taneous photograph of the launch in print in this issue. 

In dimensions the Oceanic exceeds any vessel 

afloat or built. In detail they are: Length over all, 

704 ft.; length between perpendiculars, 685 ft.; beam, 

68 ft.; depth moulded, 49 ft. 6 in.; extreme depth, 

68 ft.; load draught, about 32 ft.; gross tonnage, 

17,040 tons; maximum displacement, about 30,000 

tons. She is designed to maintain a sea speed, day 

in and day out, of 20 knots, and to be capable of an 

average rate of 21 knots if let out. 

The speed decided upon is less than that of other 

vessels now in the trade and considerably less than 

that of the 23-knot vessel under construction for the 

OCEANIC LEAVING THH WAYS AT HARLAND & WOLFE’S. 

(Photographed for Marine Engineering by Geo. M. Roche, Esq.) 

Atlantic trade for one of the German lines. The 

new vessel will be rather speedier, however, than 

the two largest ships of the line now in service, the 

Teutonic and Majestic. On account of the moderate 

speed demanded the engine power will be less than 

Copyright, 1899, by Aldrich & Donaldson, New York. 
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that of the big Cunarders, Campania and Lucania. 

It is estimated at 28,000 I. H. P. divided into two 

sets driving twin screws. 

In general appearance the Oceanic will follow the 

lines of the Teutonic and Majestic. She will have 

three pole masts and two large elliptical stacks. 

She will have also a straight stem and an elliptical 

stern and will have a pleasing amount of sheer. She 

will not be fitted with turtle back decks forward and 

aft as in other ships of the line, for the ends will be 

so high that these will be unnecessary. She will 

haye seven decks, five’ of which are carried from 

stem to stern and all of them designed to add to the 

strength of the vessel. These are in order: Lower 

orlop deck, orlop deck, lower deck (which will be 

about the water line), middle deck, upper deck, 

promenade deck and boat deck. Surmounting this 

in front of the forward funnel, over the pilot house, 

there will be the navigating bridge. The photo- 

graphs published herewith give a very clear idea of 

the hull design. It will be noticed that the forefoot 

is cut away and that the vessel is very fine aft and 

that there is a screw opening in the deadwood, as is 

usual in twin screw vessels built at this yard. This 

permits of the propellers being placed close to one 

another, and at the same time gives better opportu- 

nity for the water to reach the blades. The propeller 

shafts and the stern brackets are enclosed by the 

skin plating. The vessel will have twin screws, 

driven by inverted triple-expansion four-cylinder, 

four-crank engines, with cylinders; H. P. 47 1-2 in.; 

I, 125, 7 io, aid VO Ib, 12 OB ita, abl yatin 72 m0, 

stroke. Piston valves will be fitted to the H. P. and 

I. P. cylinders and double-ported valves to the L. P. 

eylinder. Independent cylindrical condensers will 

be used and the air pumps will be driven from the 

L. P. crossheads in the usual way. Stephenson link 

motion will be used. Great care has been taken in 

putting the very highest class material into the ves- 

sel. The crank shafts will be fluid compressed steel, 

built up, 25 in. dia. in the bearings and 26 in. in the 

pins. Line shafts will be 23 3-4 in. dia., and propeller 

shafting 25 1-4 in., all of which will be hollow. The 

propellers will have gun metal hubs and detachable 

manganeze bronze plates, three blades to each pro- 

peller. The diameter will be 22 ft. 38 in. The boilers 

will be of the regular cylindrical double-ended fire 

tube type, placed in groups athwartships, the largest 

of them having diameter of 16 ft. 6 in. 

With the launch of a vessel of this class comes the 

inevitable comparisons with her predecessors. The 

vessel in this case with which a comparison most 

naturally follows is the Great Hastern, launched in 

1858 and long ago gone to the scrap heap. Her dimen- 

sions were: Length, 692 ft.; beam, 82 ft. 6 in.; depth, 

58 ft., and gross tonnage, 19,000-tons. She was fitted 

with both paddle and screw engines of about 8,000 

aggregate horse power, and had a sea speed of about 

18 knots. In recent days the vessels for direct com- 

parison can be taken from the Cunard and North 

German Lloyd fleets. Of the former, the Campania 

is in length 620 ft., beam 65 ft., and 12,950 gross tons; 

while the Kaiser Wilhelm der Grosse is in length 648 

¥t., beam 66 ft., and 14,000 gross tons. 
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VIBRATIONS OF STEAMSHIPS AND METHODS 
OF BALANCING MARINE ENGINES—I. 

BY C. H. PEABODY, B.Sc. 

All steamships tremble or vibrate more or less when 

the engines are running. It is only when the vibra- 

tions are excessive that the trembling attracts atten- 

tion, and as this usually occurs when a powerful en- 

gine is placed in a lightly built ship, it has been com- 

monly considered that the trembling is due to weak- 

ness of the hull. Should the hull be strengthened in 

accordance with this idea the trembling will probably 

be reduced, which naturally is considered as a con- 

firmation of the assumed reason for the trembling. 

Yet some lightly built ships which are driven by 

powerful engines do not tremble excessively, and, on 

the other hand, some strong ships vibrate violently; 

and, again, a ship may vibrate violently, and even 

dangerously, at some speeds and be fairly quiet at 

other speeds. Thus the U.S. cruiser Columbia on her 

trial trip showed a very disagreeable amount of 

vibration when running at about 19 knots, but was 

noticeably quiet at full speed. The greatest difficulty 

has been experienced from vibrations of torpedo 

boats, in which high speed is sought by the combina- 

tion of powerful high speed engines in light and 

slender hulls. Such boats are liable to vibrate ex- 

cessively at several speeds, such as half speed, three- 

quarter speed and full speed, and at intermediate 

speed the vibration may be of little importance. 

These facts point to the true explanation of the 

eause of vibration of the hull of a ship, namely, the 

coincidence of the time of revolution of the engine 

to the natural time of vibration of the hull. For 

the hull of a ship, especially of an iron or steel ship, 

is an elastic body with a natural time of vibration; 

just as a steel rod or a tense cord has a natural time 

of vibration, which can be recognized by the musical 

note emitted when the rod or cord is struck. The 

time of vibration of a rod depends upon and can be 

ealeulated from its form and dimensions and its 

weight and elasticity. And in like manner the time 

of vibration of the hull of a ship depends on its size 

and form, and on its construction and the distribu- 

tion of the weights carried, such as the weight of the 

hull, the machinery and equipment and the cargo or 

other burdens carried. The structure of the hull is 

so complicated and the distribution of the weights 

is so irregular that no one has ventured to make a 

theoretical discussion of the time of vibration of a 

ship. But the fact that a ship may in a general way 

be likened to a beam or girder allows us to establish 

certain semi-logical equations which can be used to 

estimate the probable time of vibration of a ship 

from the observed time of vibrations of ships of the 

same class. x 

To make this matter clear it is necessary to look 

somewhat closely into the vibrations of bodies that 

are carried or supported on springs. For example, 

the time of vibration of a wagon body depends on 

the stiffness of the springs and on the weight of the 

wagon body and the load in it. But the deflection of 

the springs is a measure at once of the stiffness of 
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the springs and of the load on them, so that the 

number of vibrations per minute can be determined 

as soon as the deflection is known. If the deflection 

of the spring in feet is d, then the time of a single 

vibration in seconds is 

Ja 
g 

when xz =3.1416 is the ratio of the circumference 

of a circle to its diameter and g = 32.16 is the ac- 

celeration due to gravity, or the distance a body will 

fall freely from rest in one second. 

Now a girder or beam when loaded may act as a 

spring, and its deflection will be proportional to the 

load on it; but it is also affected by the length and 

other dimensions of the beam, thus the deflection is 

proportional to the cube of the length of the beam 

and is inversely proportional to the moment of in- 

ertia of the cross section of the beam. The last term, 

moment of inertia, is one that is developed in the 

theory of beams. To express these facts in a formula 

we may write 

=a 

W 

if 

when W is the load on the beam, including its own 

weight, Z is the length of the beam, and J is the mo- 

ment of inertia. Replacing the deflection in the 

general equation for the time of vibration of a spring 

by the form just written, we have 

da 

pany) WE 
i 

Applying this to the time of vibration of the hull 

of a Ship, which can be likened, as has been said, to 

a beam or girder, we will find that W, the weight, 

may be replaced by the displacement cf the ship in 

tons, that L is the length of the ship in feet and that 

I is the moment of inertia of the midship section. 

It will be sufficient to note that for the present pur- 

pose the moment of inertia may be calculated by 

multiplying the area of the section of each longi- 

tudinal member of the ship (Such as keel, stringer, 

shell plate or deck plate) by its distance from the 

neutral axis of the midship section. 

Following such a line of reasoning, both Normand 

and Schlick have independently proposed the fol- 

lowing formula for calculating the time of vibration 

of a ship: 

If 
Ni— VA ——— 

C 10) Jo? 

in which 

N =number of single vibrations per minute. 

D = displacement in tons. 

L = length in feet. 

IT =moment of inertia of midship section (areas in 

square inches, distances in feet). 

C =a constant, depending on the class of the ship. 

Schlick gives the following values for the con- 

stant C: 

Torpedo-boat destroyers.......... C = 156850 

Large passenger steamers......... C= 14850 

Wargo boats icici oeacete ene O= 12790 

Schlick further asserts that any ordinary variation 

in the distribution of weights has little effect on the 
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value of the constants. But a concentration of 

weights either at the ends or at the middle of a ship 

will give slower vibration, since such a concentration 

leads to a greater bending or deflection of the hull 

of the ship on account of the manner of loading. 

A notable example of the change of time of vibra- 

tion of a ship came under the attention of the writer. 

A certain screw ferryboat was built with fuller lines 

at the ends than was intended. The consequence 

was that the boat floated too high and the deck at © 

the ends was a foot or more higher than the floats 

of the slips at the landings. To bring the boat down, 

about 300 tons of stone ballast were placed in the 

ends of the boat, which so decreased the number of 

vibrations per minute as to bring about a close co- 

incidence with the time of rotation of the engine 

and dangerous vibrations ensued. The difficulty was 

overcome by removing the ballast and lowering the 

deck at the ends. 

The vibrations thus far considered are vertical 

vibrations of the whole structure of the ship, which 

may be likened to the vibrations of a thin plate. 

Fig. 1 represents the simplest form of vibration of 

such a thin plate, on an exaggerated vertical scale. 

ac 6 represents the neutral position of the plate 

when at rest, and a’ c’ b/ and a” c” b” represent ex- 

treme positions when vibrating. At certain points, 

Marine Engineering 

Fie. 1 

N and WN, near the ends, there is no vibration; such 

points are called nodes. The place where the vibra- 

tion is greatest is known as a loop. The nodes of a 

thin plate of uniform section are somewhat less than 

a quarter of its length from the ends. The location 

of the nodes of vibrations of ships have not been 

well located. Schlick gives the following as the lo- 

eation of nodes of fast cruisers and dispatch boats: 

Forward node—0.310 to 0.865 of length aft of for- 

ward perpendicular. 

Aft node—0.231 to 0.365 of length forward of aft 

perpendicular. 

Fig. 1, with two nodes and one loop, represents the 

simplest and slowest vibration that can be given toa 

plate ora rod. A rod which is supported at the nodes 

can be set into vibration by striking it with a light 

hammer or mallet, or by drawing a fiddle bow across 

it. If the rod is supported at three points or nodes, 

one at the middle and two nearer the ends, it can be 

made to vibrate with two loops; the vibrations will 

then be more rapid. Again, a rod may be made to 

vibrate with four nodes and three loops at still a 

higher rate, and so on. In like manner a ship may 

be set into vibrations of a higher order and of greater 

frequency with three or four nodes and two or three 

loops. Such vibrations are much less easily set up 

and are less dangerous than the simple vibrations 

with two nodes; consequently our attention will be 

given mainly to the simplest vibrations. 

In addition to the vibrations of the entire structure 
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of the ship, there are certain local vibrations which 

may occur, and which must not be confused with the 

vibrations of the hull. As examples of local vibra- 

tions we may instance panting near the bow or stern, 

where the shell plating is but little curved; vibra- 

tions at or near the rudder post and vibrations under 

the engine. 

The general form of the hull of a ship is so rounded 

and reinforced by the transverse framing as to be 

stiff and rigid. But near the bow the surface is 

flatter and is likely to be affected by the varying 

pressure of the water as the ship pitches among 

waves. The flat surface, if not stiffened by special 

construction, is likely to spring out and in; such 

action is called panting, and can be prevented by 

working in an additional longitudinal stringer be- 

tween the usual longitudinal members which extend 

throughout the length of the ship. The panting 

stringers on the two sides of the bow may be rein- 

forced by tying them together, or better, by working 

a flat or deck on them. Panting may also occur 

near the stern, but in general the form of a ship 

near the stern is less likely to be affected by panting. 

The whole structure of the frame of a ship near 

the rudder post is weak transversely, due to fining 

away the hull so that water can flow freely to the 

propeller and the rudder. Should the propeller be out 

of balance dangerous vibrations may be set up near 

the stern post, especially if the natural time of vibra- 

tion of the thin and flattened structure between the 

keel and the rudder post coincides nearly with the 

time of revolution of the engines. There is, how- 

ever, no excuse for lack of balance of the propeller 

and its shaft, and such yibrations are not of im- 

portance on well built ships when steaming ahead on 

a straight course. But when a ship is turning the 

propeller blades on the outer side of the curved course 

reach out into undisturbed water and meet with 

greater resistance than the blades at the inside, 

which work in’ the wake of the ship. The fluctua- 

tion of pressure exerted by a propeller blade which 

works now in undisturbed water and again in the 

wake gives rise to a vibration of the stern of the 

ship which may be dangerous when the helm is 

thrown hard over at full speed. There is, of course, 

no remedy for this; fortunately there is seldom 

necessity for turning sharply at full speed. 

Some shallow draught vessels with quick running ~ 

engines have shown a serious vibration of the bot- 

tom of the hull directly under the engines. This 

vibration, which is like that of a tense membrane— 

for example, the head of a drum—is like the vibra- 

tion of the hull in general, in that it is due to a 

coincidence of the time of vibration of the bottom 

framing and plating with the time of revolution of 

the engine. It can be prevented by stiffening the 

bottom framing and so increasing the number of 

vibrations per minute. But as the natural method of 

stiffening the framing is to increase the depth of the 

floors, it may be difficult to provide for such stiffening. 

If the engine foundation is deficient in strength it 

may yield to the forces exerted by the engine; such 

a movement of the engine should not be confused 

with vibrations of the bottom of the hull. 
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Returning to the vibrations of the whole structure 

of the hull of a ship, which vibrations are at once 

more common and more difficult to deal with, it is 

necessary to show the true course of these vibra- 

tions. They are not due to the direct pull and thrust 

of the steam pressure working on the piston, for 

these direct forces are taken up by the engine frame, 

but they are due to the reciprocation of the moving 

parts of the engine, such as the piston, piston-rod, 

crosshead and connecting-rod. These parts are at 

rest at the beginning of a stroke, and can be set in 

motion only by the action of an unbalanced force. 

This force comes of course from the steam pressure 

on the piston and must be subtracted from the total 

force of the steam in order to find the effective force 

which is applied to the crank pin and turns the 

crankshaft. The effective force is taken up by the 

engine frame, but the unbalanced force is resisted 

by the framing of the ship. It will be noted that 
the force required to accelerate the piston and at- 

tached parts is independent of the steam pressure 

and of the work done by the steam in ‘the cylinder. 

This force depends on the weight of the reciprocating 

parts, on the length of the stroke, and on the number 

of revolutions per minute. The vibrations will then 

be the same for the same speed of the engine, 

whether it is running under full load, as when driv- 

ing the ship at full speed; whether it is running light, 

for example, with the propeller removed, or whether 

it is rotated by some external power applied to the 

shaft, if that is possible. The accelerating force is 

greatest at the beginning of the stroke, diminished 

until it is zero near the middle of the stroke, and then 

changes into a resistance which brings the piston to 

rest at the end of the stroke. The calculation of the 

accelerating and retarding forces which produce the 

vertical motion of the reciprocating parts of the en- 

gine is somewhat tedious, but presents no particular 

difficulty, if properly systematized, and should be 

made for all high speed engines in the determination 

of the strength of the engine. 

Note. The displacement of the piston from the beginning of the 

stroke in Fig. 2 is; 

AB=AE+EO—BD—DO 

= Ant E0— 4/ BC =\cD" = Do. 
If B C= 1= length of connecting rod; 

CO=r= length of crank; 

A B=s= displacement of the piston, 

and CO D=at=crank angle; then 

s=l+tr— VR—?r sin? at —rcosat. 

Here a is the angular velocity of the crank, that is the angular 

L) \ } 
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space swept over in a second, and can be calculated by the expres- 

sion 
27 N 

60 

when NV is the number of revolutions per minute. 

The velocity of the piston at any position s from the beginning 

of the stroke is; 
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If the connecting rod is very long compared with the crank, or 

better still, if the engine has a slotted crosshead, then the velocity 

and acceleration become, 

V=—anrsinvat 

f=@rcosat 

If W is the weight of the reciprocating parts and g is the acceler- 

ation due to gravity, then the force required to produce the mo- 

tion of the reciprocating parts is 

i W 
a 

The method of calculating the forces required to 

produce the motion of the reciprocating parts, i. e., 

the piston, piston-rod, crosshead and connecting-rod, 

is given in the preceding note. It will now be sufti- 

cient to note that the force is less at the lower or 

crank end than it is at the upper or head end of a 

vertical marine engine; this fact will become of im- 

portance in the consideration of certain methods of 

balancing engines. 

The action of the fluctuating forces which produces 

the motion of the piston and attached parts of a sin- 

gle cylinder engine may be likened to a man standing 

on his toes and teetering up and down. If a man 

stands thus at the middle of a plank which is sup- 

ported at the nodes (NV and N, Fig. 1) he may readily 

throw the plank into violent vibration. In like man- 

ner a single cylinder engine placed at the middle of 

a ship may produce dangerous vibrations. If such 

an engine is placed at a node, that is at about a quar- 

ter of the length of the ship from the stern, it can 

have little effect in producing vibration. 

Suppose now that an engine has two cylinders 

placed side by side, and with the cranks opposite, 

similar to the high-pressure and intermediate cylin- 

ders of Fig. 6, and that the weight of the reciprocat- 

ing parts is the same for each cylinder. Then there 

val Jt La Lb 

Marine Engineering 

Fie. 6 

will be very nearly a balance of the vertical forces 

producing motion of the piston, for one piston will 

be coming up as the other is going down. The bal- 
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ance would be exact if the engine had slotted eross- 

heads; with short connecting rods commonly used 

on marine engines the force for the piston starting 

down will be considerably larger than for the piston 

which is going up. Nevertheless such an engine 

placed at the middle of a ship would produce very lit- 

tle vibration. Since the turning moment which such 

an engine would exert on the crankshaft would be 

as irregular as that of a single cylinder engine, two- 

cylinder engines with opposite cranks have never 

been used to propel ships. When that device has 

been used for balancing engines four cylinders have 

been used, as will be explained later in connection 

with Fig. 6. 

Suppose that such an engine with two opposite 

cranks were placed at the node of a ship, so that one 

eylinder is as much ahead as the other is aft of the 

node; its action may be likened to that of a man 

standing astride of a node of a plank and throwing 

his weight now on one foot and then on the other. 

By such action he could readily throw the plank into 

vibration, and so also will the engine produce vio- 

lent shaking of the ship when at or near a node. 

This engine is sometimes said to be in standing bal- 

ance, but not in running balance, because it tends to 

rock its foundation when running. 

It consequently appears that there are two ways 

in which a ship may be thrown into simple vibra- 

tions, like Fig. 1, with two nodes and one loop, i. e., 

either by an unbalanced engine at a loop (that is 

near the middle), or by an engine which is in stand- 

ing but not in running balance, and which is at or 

near a node. 

The ordinary three-cylinder triple-expansion engine 

with the cranks at 120 deg. is neither in standing 

nor in running balance. Schlick says that if the 

weight of the low pressure piston and its piston-rod, 

crosshead and connecting-rod is taken as unity, then 

the weight of the corresponding parts for the inter- 

mediate cylinder is 0.82, and for the high pressure 

cylinder is 0.73. It seems, therefore, that it would 

not be difficult to put such an engine into standing 

balance by adding to the weight of the intermediate 

and high pressure pistons. The questions arises 

whether it is worth while to add sufficient weight to 

the engine for this purpose. In the first place it is 

eyident that it will not be worth while for a slow 

running engine, for such an engine will not produce 

much vibration in any case, and the three cranks 

equally spaced around the cirele will give a very 

even turning effort on the crankshaft. For slow 

and moderate speeds the three-crank triple engine 

has a deserved good reputation for smoothness of 

action; three-crank compound engines with two large 

and one small cylinder were used successfully in 

large ships like the Cunarder Htruria before triple 

engines were introduced. 

If a three-crank triple engine with the usual pro- 

portion of parts should be placed at the middle of a 

ship, then the lack of standing balance may give rise 

to serious vibrations, which could be much reduced, 

if not eliminated, by making the weights of the pis- 

tons equal. But engines are seldom placed in the 
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middle of a ship, and such a balancing of the engine 

for that purpose is seldom called for. 

The engine is usually somewhere near a node, and 

then it will be a question whether or not advantage 

will come from equalizing the weights of the piston. 

If the weights of the reciprocating parts have the 

proportion given by Schlick, namely, 

Low pressure piston, piston-rod, crosshead 
ANG! COMMAOWINERIROC!, ooo c000c0gs00d000K00 1 

Intermediate piston, piston-rod, crosshead 
DING! COMAGCHTAEROE, Soc cccoccocoepcso0ne 0.82 

High pressure piston, piston-rod, crosshead 
DING! COMNCOCHIMEAIRN scscccoov0dccac0n0006 0.73 

then, as pointed out by him, there will be very small 

vibration due to rocking couples when the engine is 

placed forward of a node, as shown by Fig. 3, with 

the cylinders arranged in the customary order, pro- 
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vided that the axis of the low pressure cylinder is 

five times the common distance between the axis 

of the cylinder, as shown by that figure. If this is 

so, the moment of the weight of the reciprocating 

parts for each cylinder, with regard to an axis 

through the node, will be 

5d W, 

where d is the common distance between the axis of 

the cylinder and W is the weight of the reciprocating 

parts of the low pressure cylinder. This is evident 

from the following: 

8) GL SK Wik Ome CmyVA 

0.82 W=4.92d W 

0:73 Wi 5.11 d Wi 

Low-pressure cylinder... 

Intermediate cylinder ....6 d > 

High-pressure cylinder ...7 d 

Note. To show that this equality of moments will avoid rocking 

couples, we may bear in mind that the acceleration for harmoni- 
ous motion, as has already been shown, is 

f3 = ar cosat=a?rcos A 

where 4 is the angle the crank makes with the line of dead points 

as shown by Fig. 4, for the low pressure cylinder. The intermedi- 

ate crank may be 120° ahead, as at J, and the acceleration of its 

piston will be 
f2 = a? r cos (A +- 120°). 

The acceleration for the high pressure piston will be 

fi = a r cos (A + 240°), 

Expanding and reducing we have 

f3 = a + cos A 

fo = a? r (cos A cos 120° — sin A sin 120°) 

ti = a r (cos A cos 240° — sin: A sin 240°), 

But both cos 120° and cos 240° are equal to — sin 30°, while sin 120° 
= cos 30° and sin 240° = — cos 30°; so that our equation becomes, 

fs = a? r cos A 

fo = a? r (— sin 30° cos A — cos 30° sin A) 

Fi = a? r (— sin 30° cos A + cos 30° sin A), 

The accelerating force for the low pressure cylinder is Ft; W and the 
moment of the force about an axis at the node is5 af,W. The mo- 
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Ments of the force for the other cylinder is found in a similar 

way, taking account of the weights of the reciprocating parts and 

the distances of the cylinders from the nodes, Carrying through 

L 
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this work and remembering that cos 30° = 4 we shall have for the 

moments for the three cylinders (or rather for their reciprocating 

parts) 

dd Wfs3=5d Wa?rcos A 

6 dX 0.88 W fe = 4.91 d W a2 r (— 4 cos A — cos 30° sin A) 
Td X 0.12 W fi =5.11 d W a? 7 (— i cos A + cos 30° sin A). 

The sum of these three equations is yery nearly zero, consequently 

there will be very little influence at the node to produce shaking 

or vibration. Of course the same result would have come out if 

any other of the cranks had been taken at the angle A with the 

line of dead points. 

It thus appears that the condition necessary in or- 

der that a three-crank engine (with the cranks at 

120 deg.) may not produce shaking when placed near 

a node, is that the moment of the weight of each of 

the reciprocating parts with regard to an axis at the 

node shall be the same. If this method of avoiding 

vibration is to be used, then the location of the 

nodes of a projected ship must be known, and the 

location of the engine with regard to the node must 

be under the control of the designer. Neither of 

these conditions can be counted upon by a designer, 

for the location of the nodes is not well known and 

the location of the engine is commonly controlled by 

the necessity of trimming the ship. When the loca- 

tion of the nodes of ships has been determined, this 

method of avoiding vibration may be valuable in 

some cases, especially as the designer may control the 

moments of the reciprocating parts to some extent 

by loading the lighter pistons and by the spacing of 

the cylinders. At any rate it offers an explanation 

of the disappointment of some engineers who have 

obtained a standing balance for a three-crank engine 

by making all three pistons of equal weight; as the 

engine is likely to be near a node, such an arrange- 

ment may give worse rather than better results, so 

far as vibrations are concerned. 

The Cramps are now figuring on a 700 ft. dry dock 

on their Kensington property at Philadelphia. 

A bill for the construction of the Nicaragua Canal 

has passed the House of Representatives at Wash- 

ington. 

The U.S. cruiser Albany was successfully launched 

at the yard of Armstrong, Whitworth & Co., New- 

castle-on-Tyne, Eneg.. January 14. The vessel is a 

sister ship of the New Orleans, which made a very 

good record during the Spanish war. 
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PORTABLE PNEUMATIC RIVETERS AS USED BY 
THE CHICAGO SHIPBUILDING 

COMPANY.* 

BY W. I. BABCOCK, 

In 1893, in a paper on shipyard appliances, read be- 

fore the Engineering Congress at Chicago, Professor 

Durand said: ‘Among the various mechanical aids 

which would be of distinct value to the shipbuilder, 

few would stand higher or be more acceptable than 

one which would efficiently replace the ship riveter’s 

gang.” 

As the result of three years of constant experiment- 

ing, into which the Chicago Shipbuilding Company 

was forced by the unreasonable demands and fre- 

quent strikes of its riveters, the problem has been en- 

tirely solved. We are able to drive every rivet in a 

ship by power machines, operated by unskilled labor, 

and in the last ship we have built over 250,000 have 

been so driven out of 340,000. But that our air ca- 

pacity was insuflicient, the proportion would have 

been greater. This paper is intended as a history of 

our experience in developing the portable machines. 

When we began, we had already for some months 

been using with great success a stationary steam 

riveter of the ordinary type, with a horizontal ram 

anda 5 ft. gap, for certain portions of the work, which 

eould be easily brought to the machine. This would 

include the floor plate with brackets, bilge frames and 

longitudinal stiffeners, as well as the side frames and 

belts amidships with the beam brackets thereon, and, 

generally, any portion of the vessel which can be 

riveted up and carried to the ship in one piece. The 

handling at the riveter is done by a chain hoist work- 

ing on an overhead trolley. With this machine we 

have driven over 1,800 rivets in a day of 10 hours at a 

cost of not over 1-2 cent apiece, or a saving of 2 1-4 

cents each over the scale rate for driving such rivets 

by hand. 

“In fixing first upon the power to be used for port- 

able machines, we naturally and promptly decided 

upon compressed air. We were, of course, aware that 

hydraulic riveters had been used for years in England 

to a greater or less extent, and somewhat also in this 

country, but we were afraid that the severe winter 

climate of Chicago might operate against them. The 

more important consideration, however, was that air 

could be used for caulking and chipping hammers and 

drills or reamers, so that a compresser plant for the 

yard was a necessity in any event, and we did not 

want to go to the expense of an hydraulic plant in ad- 

dition if it could be avoided. 

As naturally, also, seeking for portable riveters, we 

first applied to the manufacturers of the compression 

bow machines so extensively used in bridge shops, and 

finally found one maker who guaranteed the perform- 

ance of a machine with a horse-shoe frame having a 

gap of 72 in., which we needed to drive the bottom riv- 

ets in a 6 ft. center keelson. This was a matter of 

some difficulty, as the gap usually used was not more 

than 42 in., and, in fact, the first machine furnished 

us, in February, 1896, proved too light for the work 

*A paper read at the Sixth General Meeting of the Society of Na- 

val Architects and Marine Engineers. 
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and had to be replaced by a heavier one, the weight 

finally reaching over 2,500 lb. A similar tool, with 

the gap cut down to 45 in., weighed over 1,700 Ib., and 

a very little experience showed that even with this 

lighter weight the difficulty or handling was too great 

to permit of the economical use of this kind of a ma- 

chine for more than a very small portion of the ship. 

In the spring of 1896 we heard that at the works of 

the Lassig Bridge and Iron Company, in Chicago, 

some experimental rivets had been driven with an or- 

dinary pneumatic caulking hammer. ‘Trying this at 

once in our yard, we found the method perfectly feasi- 

ble, though severe on the man using the hammer. It 

was also almost impossible to hold on to the rivets by 

the ordinary heavy hammer, the blows of the pneu- 

matic hammer on the point being so heavy and con- 

tinuous that the holder-on was unable to keep his 

hammer from being fairly “jarred” off the head of the 

rivet. This difficulty, however, was quickly obviated 

by the use of a pneumatic holder-on which we devised, 

of the simplest construction, being only a cylinder into 

which air is admitted, forcing out a piston, the rod of 

which is cupped out to go over the rivet head. The 

parallel arrangement of the longitudinals in the double 

bottom of our lake ships made it easy to obtain a bear- 

ing or resistance for the cylinder itself, a piece of pipe 

of the proper length being screwed to it. This made a 

perfectly practicable method, and many rivets were 

driven by it. We still use it to some extent for odd 

rivets or in certain contracted spaces. 

The next step was naturally the connection of the 

hammer and holder-on by a horse-shoe frame or bow, 

forming a single machine. As the bow has only to 

resist the pressure of the holder-on and the blows of 

the hammer, it can be made of very light construction 

and is very easily handled and moved to various parts 

of the ship. Nearly all of the inside rivets in our ships 

are now driven by these machines. 

A variation in the device is to mount the hammer 

itself as a piston in a cylinder, to which air is admitted 

to force out the hammer as the point of the rivet is 

beaten down, using a plain die on the other side, which 

die can, therefore, be made small to get into contracted 

places. 

The weights of the whole arrangement for various 

depths of gap, taken from actual machines in use in 

our yard, are as follows: 9 in., 83 lb.; 511-2 in., 160 

lb.; 70 in., 220 lb. In the larger ones the bow is made 

of a plain piece of wrought-iron pipe. 

In some eases the riveter is suspended by a chain 

hoist from a trolley carried on a beam supported by a 

pair of A frames. As a general rule, however, the 

whole machine is so light that it is easily moved 

around by hand. A wooden roller may be fitted on the 

eross brace to facilitate moving the riveter along a 

center keelson or girder. 

That these machines can and do make better work 

than hand riveting is evident from several considera- 

tions. It is well known that in hand work constant 

watchfulness is required to make the men properly 

‘nlug” the rivet before heading over the point; that is, 

to strike the first blows exactly in line with the axis 

of the rivet so as to upset it clear to the head and make 

it properly fill the holes; it is much easier and quicker 
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for the men to knock the head over at once, and when 

that is done, as the head and point look all right, there 

is no way of determining in what condition the body 

of the rivet is, unless it is loose under test, or loosens 

up in service afterward with the constant vibration 

and jar of the ship, as often happens. With the ma- 

chine, however, it is almost impossible not to plug the 

rivet, the hammer being very easily and naturally 

breught in line with its axis, and, in fact, will not 

drive the rivet properly unless it is so in line, and the 

blows of the hammer being so rapid that the plugging 

is accomplished before the point is formed. The whole 

operation of driving the rivet is completed much more 

quickly than by hand, and before the rivet has lost its 

heat, the resulting contraction afterward drawing 
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where a riyet comes in the bosom of an angle or chan- 

nel, are of this type, and are among those most impor- 

tant to be well driven, the integrity of the framework 

depending largely upon them. From the nature of the 

case, hand-driven rivets in such situations are not 

what they should be, but it is evident that such con- 

siderations do not affect the machine in the slightest 

degree, and that if the hammer can get on to the rivet 

at all it will drive it as well in such locations as in the 

most open parts of the work. 

Passing now to the case of a rivet so located in the 

ship that it is not possible to get at both sides of it by a 

bow frame, we must distinguish at once between those 

that are finished with a full or button-head point, as in 

bulkheads, and those with a counter-sunk flush point, 

WORK PERFORMED BY PORTABLE PNEUMATIC RIVETERS AT SOUTH CHICAGO SHIPYARD. 

everything firmly together as the rivet gets cold, and 

Strengthening the joint by the well-known effect of the 

friction between its parts. 

Again, there are very many places in the framework 

of a Ship where there is not sufficient space for swing- 

ing a hand hammer in driving a rivet, or where the 

rivet can be gotten at from only one side. Such rivets 

as those through beam knees and frames, in the con- 

nections of floors to center keelsons,; wash plates be- 

tween floors, frame brackets at tank tops and decks, in 

cellular tanks, and generally wherever the available 

space is only that of the frame spacing, or less, or 

as in decks, tank tops, and the outside shell. For 

decks and tank tops, where the rivets are put up from 

below and the action of the hammer is always verti- 

eally downward, a simple arrangement of the hammer 

mounted on a bent pipe as if on a wheelbarrow with 

one or two wheels is all that is necessary. The opera- 

tor raises the handle end sufficiently to get the die 

over the point of the rivet and then bears down as the 

air is turned on, the bend of the pipe being loaded with 

lead. A second man with a chipping hammer cuts off 

the surplus metal, and a few seconds’ work of the riv- 

eter again suffices to complete a very satisfactory 
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operation. A pneumatic holder-on is used below, and 

three men and a heater boy will drive from 800 to 1,000 

rivets in a day. 

In the case of bulkhead rivets, it is evident that the 

eombined hammer and holder-on can be fastened to 

tne end of a beam which slides loosely on a central 

supporting stud bolted to the bulkhead, with an ad- 

justable stud bolt on the other end of the beam govern- 

ing the distance of the hammer die from the rivet 

point, and reaching a good many rivets at one setting. 

The pneumatic holder-on may be similarly mounted on 

the other side of the bulkhead. 

The die is cupped out, and it is evident that after the 

first stroke of the hammer the die will be firmly held 

in position by the metal, which is forced into the hol- 

low of the die. The holder-on is similarly kept central 

with the rivet by its hollow-ended die going over the 

head. The resulting finished rivet is all that can be 

desired. 

In the case of flush-pointed rivets, however, a very 

different arrangement is required. It is evident that, 

as in handwork, the varying thicknesses of plating, 

liners, butt straps, frame flanges, etec., and amount of 

countersink in the plate, make it impossible to so 

gauge the length of the rivet under the head that, 

when beaten down, it will exactly fill the countersink 

and finish flush with the surface of the plate. The 

only practicable method of driving is to follow as 

closely as possible the hand method, beating the rivet 

down with the surplus metal crowded off to one side, 

chipping this surplus metal off by a cold chisel, either 

by hand or by an ordinary pneumatic chipping ham- 

mer, and then properly finishing the point. 

To do this it is necessary that some freedom of 

movement be given to the hammer—that is, it must be 

possible to incline the axis of the hammer to a slight 

angle with the axis of the rivet in any direction, in 

order that the surplus metal in the point may be prop- 

erly crowded off to one side to make easy chipping, 

and also that the point may be properly finished, and, 

if necessary, slightly rounded, and any seams around 

the point between the rivet and the plate properly 

driven together and made watertight. 

Three methods may be used for fastening the ham- 

mer to the beam: TF irst, the hammer may be mounted 

in gimbals; second, the hammer may be so mounted 

in a frame that while the die is held in position against 

the rivet, the lower end may be given a rotary move- 

ment; this is not as good as the gimbals; third, the 

hammer may be mounted on trunnions, and the beam 

earrying it turned on its own axis and moved forward 

and back longitudinally. The third method does not 

seem very practicable, and we have never tried it. 

There is still another method by which countersunk 

flush rivets may be driven by hammers. In this, the 

hammer is fastened immovably to the end of the 

beam, as in the bulkhead riveter, and the flat-faced die 

has a central hole about 8-16 in. dia. drilled in it. 

When the rivet is beaten down some of the hot metal 

enters the hole and the result is a projecting teat on 

the rivet point, the remainder of the surplus metal 

flattening out equally on all sides. 

This surplus metal is removed by a face milling tool, 

also made with a central hole, which fits over the teat 
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and holds the tool in position. ‘The milling tool is 

driven by a pneumatic drill, and after the point of the 

rivet is milled down flush with the plate the teat is 

easily cut off by a blow of a hand hammer on a cold 

chisel. The rivet, however, is not finished in quite as 

“ship-shape” a manner as by the other method, and we 

have had so much difficulty in getting a milling tool of 

tue right shape to cut properly that we have aban 

doned it. 

In the Chicago yard, therefore, the only method now 

used is the first one cited above, which has proved 

most satisfactory in every way, both on new construc- 

tion and in the dry dock on repair work. The con- 

struction and mounting of the hammer in the gimbals 

on the end of the pipe beam gives it the necessary 

Swinging motion, as well as a certain amount of 

motion bodily sideways in any direction without moy- 

ing the beam. lor bottom rivets the beam is hung by 

a bolt through its center, on which it rotates, to a trol- 

ley running inside of a slotted pipe which is bolted to 

the bottom of the ship, enabling the operator to reach 

many rivets at one setting. Ina variation of the same 

arrangement, instead of bolting the slotted pipe to the 

ship, it is held firmly up against the bottom by the 

simple pneumatic jacks at each end. ‘This avoids 

missing any. bolt holes and is well suited to work in 

tne dry dock. 

Tor the side of the ship the mounting we have so far 

found most satisfactory is provided with a short ver- 

tical beam carrying the hammer and provided at its 

lower end with an adjustable bolt to govern the dis- 

tance of the hammer from the rivet. This beam is 

fastened to a bored-out tee which slides freely on the 

horizontal pipe. This pipe is counterweighted and 

hung from pulleys above inside of flat iron guides 

bolted to the ship’s side. The resulting free vertical 

and horizontal movement of the hammer enables a 

large portion of the side to be covered without shifting 

the rig. 

For the bilges, which for a large portion of the 

length of our lake ships are circular, the hammer beam 

is again a horizonwa! pipe fastened to a double frame 

which fits the bilge and travels fore and aft on trolleys 

above and below. 

It will be understood that for all these shell rivets 

the method is to beat down the head to fill the counter- 

sink, chip off the surplus metal, as in hand riveting, 

by a chipping hammer, and then finish by the machine. 

In all these methods of mounting, after the rivet is 

plugged and the head is beaten down, the hammer is 

easily swung out of the way to enable the chipping to 

be done. 

Tn all cases the pneumatic holder-on is used against 

tne head of the rivet inside. For the bottom and 

bilges, the tank top lends itself with facility as a sup- 

port against which the holder-on can be braced by 

means of the pipe extension referred to above. Ina 

single ship bottom little difficulty is experienced in 

adjusting a short piece of plank as a brace by means 

of hook bolts taking hold of the reverse bars. For the 

side rivets we have found a simple method to be the 

use of two pieces of 6 in. by 6 in. scantling extending 

from the tank to the deck above or from deck to deck, 

easily bolted in position about 8 ft. apart, with a hori- 
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zontal piece of 2 in. plank sliding freely on their out- 

board sides. ‘The plank forms the brace for the 

holder-on, and is counterweighted and easily moved 

up and down in unison with the horizontal pipe carry- 

ing the hammer outside. 

As for the quality of the work done by these various 

methods of power riveting, I ean say that the unan- 

imous opinion of the hull inspectors who have been on 

duty in our yard for two years and more is that the 

rivets are first class in every respect, and make far 

better and tighter work than those driven by hand. 

As for the cost, I will say that, adding cost of air, 

repairs, ete., the saving is from 1 to 2 cents per rivet 

over piece-work prices for band riveting, depending 

upon the location in the ship and averaging about 1 1-4 

cents. In an ordinary lake steamer of 4,000 tons the 

saving is from four to five thousand dollars over hand 

work. 

A further and very important advantage, however, 

is in the fact that skilled labor in one of the principal 

departments in a shipyard, which has hitherto been 

indispensable and correspondingly arrogant and high 

handed, can be replaced by unskilled labor. 

In conclusion, I want to say that the quality of the 

work done by portable pneumatic riveters in ship 

building is such that the various classification societies 

cannot ignore it, and before very long will doubtless 

recommend, if not require, that all rivets in at least 

the principal portions of the ship be driven by power. 

A trial trip of the S.S. La Grande Duchesse recently 

made to determine the efficiency of her new cylin- 

drical boilers gave very satisfactory results. The coal 

consumption per I. H. P. per hour averaged about 

1.585 Ib.. which included all coal used for the main 

engines and auxiliaries, the indicated horse power 

being that of the main engines only. This ship is now 

fitted with four main boilers and one donkey boiler, all 

of the Scotch type. All the boilers are constructed for 

a working steam pressure of 210 Ib. per square inch. 

The main boilers consist of two double-ended boilers, 

15 ft. 3 in. mean dia. by 20 ft. 0 in. long, and two 

single-ended boilers 15 ft. 8 in. mean dia. by 10 ft. 

3 in. long. Each front is fitted with four Fox cor- 

rugated furnaces 3883-4 in. inside dia., each furnace 

being fitted with a separate combustion chamber. 

There is a total of 17,100 sq. ft. of heating surface 

in the main boilers and 410 sq. ft. of grate area, the 

grates being 5 ft. 3 in. long. The main boilers are 

fitted with the Ellis & Eaves system of induced 

draft. with vertical 23-4 in. dia. heater tubes in the 

uptakes in front of the boilers. The products of com- 

bustion pass through the tubes, and the air is drawn 

in around the tubes, and after heing heated, conducted 

to the ash pits through ducts running down the front 

of the boilers, at the sides and between the uptakes. 

The induced draft is furnished by an installation of 

three Sturtevant steel plate steam fans, placed under 

the stack, each having a wheel 8 ft. dia., and fitted to 

draw from the uptakes and discharge into the stack. 

The La Grande Duchesse is a twin-screw vessel of 

5,000 gross tous. She was built by the Newport News 

Shipbuilding and Dry Dock Co., which also furnished 

the new boilers. 
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STEEL VS. WOOD AS A MATERIAL FOR SAIL= 

ING SHIPS, WITH DATA OF AMER-= 
ICAN SHIPS IN SERVICE. 

BY WILLIAM A. FAIRBURN. 

About a-quarter of a 

century ago the wooden 

sailing vessel ceased to 

be a carrier of any sig- 

nificance in the British 

trade, but it was not un- 

til five years ago that 

wood was finally aban- 

doned in favor of steel 

as a material for the 

construction of sailing 

ships in our own coun- 

try. There are, how- 

ever, only four Ameri- 

can iron or steel sailing 

ships afloat to-day, and only two of them are of Amer- 

ican construction. Their particulars follow: 

The American four masted ship or shipentine Kenil- 

worth was originally a British vessel, having been 

built by J. Reid & Co., of Port Glasgow, Scotland, in 

1887. A few years ago she was badly damaged by 

fire in San Francisco. The insurance companies paid 

a total loss on her and then sold her to Arthur Sewall 

& Co., of Bath, Me., at a very low figure. After being 

rebuilt she was granted an American register. Quite 

recently she put into Valparaiso with a fire in her 

hold, and her master, Capt. J. G. Baker, the mate and 

cabin boy suffocated by the fumes and gases from the 

burning cargo of sugar. The Kenilworth has been an 

unfortunate vessel. She was well designed and well 

built, but she cannot be called successful. She is 300 

tc. long, 43 ft. beam and 24 ft. deep. The gross ton- 

nage is 2,293 tons and the net 2,179 tons. The main 

mast truck is 155 ft. above the deck, and the lower 

yards are 88 ft. long. The masts and bowsprit and the 

tnree lower yards on each mast are all of steel, while 

the smaller spars are of wood. She carries a crew of 

35 men. 

The four masted ship may Flint is the largest of the 

American sailing ships. She was formerly the trans- 

aAuantic passenger and freight steamship Persian 

-Monarch, having been rebuilt at Newport News in 

1895. This vessel is 350 ft. long between perpendicu- 

lars, 370 ft. over all, 42 ft. 6 in. beam and 386 ft. 8 in. 

deep to upper or hurricane deck. These proportions 

are unsuitable for a sailing vessel, and therefore she 

greatly lacks initial stability. The May Flint is of the 

usual iron steamship construction, with a cellular dou- 

ble bottom 389 in. deep. Her lower yards are 98 ft. 

long; the royals are 56 ft. long; the mast from deck to 

truck measures 159 ft., and she spreads 44,000 sq. ft. 

of sail. On her maiden voyage she carried 4,320 tons 

of coal from Baltimore to San Francisco, on a draught 

of 23 ft. 1 1-2 in. The May Flint has a very small 

dead weight capacity for so large a vessel, for when 

light she weighs 2,750 tons. Under certain conditions 

of lading she would be an unsafe yessel. 

The other two American steel ships were built at 

Batu, Me., at the yard of their owners, Arthur Sewall 

SHIPENTINE ROANOKE. 
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STEEL SHIP ERSKINE M. PHELPS—4,500 TONS D. W. 

WOODEN SHIP ROANOKE OF BATH, ME.—3,539.03 TONS. 
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WOODEN SHIP SUSQUEHANNA OF BATH, ME.—2,744.67 TONS. 

13 
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& Co. They are of the same general dimensions al- 

though they differ in model and in various details. 

The Dirigo is named after the motto of the State of 

\.aine—‘I lead’—and she was the first steel sailing 

ship to be built in America. This vessel was launched 

February 10, 1894. She is 312 ft. long, 45 ft. beam and 

25 ft. 6 in. deep. Her gross tonnage is 3,005 tons and 

her net tonnage 2,886 tons. ‘’he Erskine M. Phelps 

was completed a few months ago. She is a modi- 

fied Dirigo, and whereas the latter vessel was built 

of British steel the Phelps has been constructed 

throughout with material of domestic manufacture. 

She is a little finer aft than the Dirigo and is in many 

respects a much superior vessel to her predecessor. 

The Phelps carries 4,500 tons dead weight on 22 ft. 

6 in. draught and she stands up without ballast when 

light in port. This vessel has great stability at ught 

draughts and she is also a stitf boat when loaded wrii 

any homogeneous cargo. She has a dead rise of 20 in. 

with a very easy rounding bilge. She is a moderately 

fine ship, the coefficient of displacement excluding the 

keel, being .72. ‘Che vessel has a flush main deck of 

steel fore and aft, the whole of which is sheathed with 

3 1-2 in. hard pine planking. The lower deck has steel 

stringers and tie plates, and it is planked with 3 in. 

hard pine. A lofty topgallant forecastle with lamp 

room and store rooms at the sides is fitted forward. 

There are two steel commodious deck houses, the for- 

ward and larger one of which contains comfortable 

quarters for the crew, also the galley. The smaller 

deck house aft is fitted up for the accommodation of 

all the apprentices and petty officers; it also contains 

the carpenter’s shop. There is a large full poop aft, 

in which is the captain’s accommodation, and a nicely 

furnished saloon 16 ft. square on the starboard side. 

The mess room and pantry is in the center, while the 

officers’ cabin and two spare staterooms are fitted on 

the port side, the sail room occupying the space in the 

lazarette. On top of the poop is a steel chart house 

which also forms a cabin entrance. The vessel is 

steered by screw steering gear, the helmsman being 

protected by a steel hood open on the forward end. 

A large fore and aft flying bridge is fitted connecting 

ie poop and topgallant forecastle, = great conveni- 

ence in bad weather. The scantlings of the vessel are 

equal to Lloyd’s highest class, and she has received 

the highest rating from the American Bureau of 

Shipping. The Lloyd’s numerals are: Transverse 

No. 96.75; longitudinal No. 29828. Proportions length 

to breadth, 6.85; length to depth, 10.92. The Phelps 

has a well proportioned sail plan. The lower masts 

and topmasts are in one length, measuring 134 ft. The 

spike bowsprit 67 ft. long; the lower yards 92 ft. long; 

and the upper and lower topsail yards are all of steel. 

She carries single topgallant sails, also a royal and a 

skysail. She has therefore six yards on each of the 

fore, main and mizzen masts, and being rigged as a 

shipentine, she carries no yards on the jigger mast. 

The yessel has four head sails, three main, three miz- 

zen and four jigger stay sails, and with the spanker 

and spanker topsail she carries thirty-four sails all 

told, spreading about 12,500 yards of canvas. <A don- 

key engine of 20 horse power works the ship’s wind- 
lass by means of a messenger chain, and the same mo- 

- 4,700 Ib. each. 
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tive power is used in port for discharging and taking 

on cargo. Her three bower anchors collectively weigh 

13,400 lb., excluding stock; the two largest ones weigh 

She also carries a stream anchor 

weighing 1,500 lb., and two kedges, one of 750 Ib. 

weight, and the other 400 lb. The equipment of this 

fine vessel also includes 240 fathom of 21-8 in. stud 

link chain cable, 120 fathom of 4 1-4 in. steel wire and 

90 fathom of 41-2 in. flexible steel wire tow line, be- 

sides the usual hawsers and warps. The crew consists 

of twenty-four men before the mast, two boatswains, 

three mates, cook, steward, carpenter, engineer and 

four boys, thus making a complement of thirty-eight 

hands all told, including the captain. 

Arthur Sewall & Co. are now building their third 

steel ship, which is the forty-second vessel which has 

been built by this firm. his ship is now framed and 

one-half plated, and her construction is therefore well 

advanced. She will probably be named the Arthur 

Sewall. This vessel is much larger than the Dirigo 

and the Hrskine M. Phelps, but her model is yery simi- 

lar to that of the latter vessel. The owners are the 

only builders of sailing ships in the country to-day. 

They abandoned wood construction after launching 

the Roanoke in 1892, and they now own a fairly good 

and well equipped steel shipbuilding plant in Bath, 

situated on the west bank of the Kennebec, a river 

that has probably christened more sailing tonnage 

than any other river in the world. 

The Roanoke was the last of Sewall’s wooden ships, 

and she is known as the last of the “Big Four,” and 

also as the largest wooden sailing vessel afloat. Dur- 

ing the three years preceding the installation of their 

steel plant A. Sewall & Co. constructed four massive 

wooden ships, well known as the Rappahannock 

(burned at sea 1892), Susquehanna, Shenandoah and 

Roanoke. The last three ships haye proved very good 

vessels, although they cannot successfully compete 

with modern steel tonnage. The following are their 

principal dimensions: 

: o ) d a | ; 

&e A= 3S OM Oi 
= es 4 3 al 

Roanoke...... ...|| 35539. | 3,400 | 3111.2) 49.2 || 20.2 
Shenandoah... . 3,407 | 3,258 | 299.7 | 49.1 | 19.9 
Susquehanna....| 2,745 | 2,629 | 273.6 | 45.1 | 19). 1 

The foregoing figures are custom house measure- 

ments. 

We hear at times eyen to-day considerable contro- 

versy concerning the relative merits of wooden and 

steel ships. The following figures do not require any 

explanatory notes, as they state facts which prove the 

great superiority of steel over wood as a shipbuilding ~ 

material. 

The Shenandoah and the Erskine M. Phelps are two 

ships both of which have been built to fulfil the same 

requirements. The Shenandeah is looked upon as the 

finest and most successful wooden sailing vessel afloat, 

while the Phelps can be regarded as a fair sample of 

heavy modern steel ship construction. : 
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The Phelps carries a little more deadweight than 

the Shenandoah, and the weight of her complete bull 

and fittings is less than 73 per cent of that of the 

wooden vessel. The Shenandoah’s initial cost was a 

trifle less than that of the Dirigo, but the actual cost 
of the Roanoke and Dirigo was probably about the 
same amount, viz., $150,000. A sixty-fourth of the 

Roanoke was sold for $2,800, and the same amount of 

the Dirigo was sold for about $3,000 (a high figure), or 

7 per cent more, the capacity of these two vessels be- 

’ Shenan- 
Riga. Phelps. 

Launching draft (similar con- 
ditions) Riese cic eee 10 ft. 946 in.|7 ft. 144 in. 

Weight of finished hull, % of 
displacement.............. 35.5 28.5 

Deadweight carried per ton 
TOD Eee | ES wae ei euile Se Neto os 1.37 1.56 

Deadweight carried per ton 
weight of finished hull... .. 1.81 2.5 

ing about the same. The Phelps has been constructed 

for a much less figure than the Dirigo, the actual cost 

of this vessel being quite as low as that of any wooden 

suip of her size. 

ne building price of a large wooden ship to-day is 

about $45 to $50 per ton, and a modern steel ship can 

be built for about $50 to $55 per ton with a fair profit. 

Steel ships not only have a great advantage over 

wooden vessels in deadweights carried, but they are 

stronger and stauncher, they last longer, and have a 

much greater hold capacity on the same outside di- 

mensions. 

U. S. Ss. Maine, Missouri and Ohio. 

Some time ago we published the general character- 

istics of the new battleships Maine, Missouri and 

Ohio, for which contracts were made in October last. 

In the accompanying drawing a correct profile of 

these fine vessels is given. Though in general follow- 

ing the lines of the earlier and well known battleships 

the new vessels will have several readily apparent 

differences. They are high forward and low aft, and 

have three smoke pipes ranged in a fore and aft direc- 

tion. Each turret will contain two high-power 12 in. 

guns, which, using smokeless powder, will have a 

muzzle velocity of 3,000 ft. per-second. They will 

also each carry sixteen 6 in. rapid-fire guns and a 

large number of 6-pounder, 1-pounder and machine 

guns. One improvement to which Chief Constructor 

Philip Hichborn, U. 8. N., attaches much importance 

will be the installation of under-water torpedo tubes. 

Each ship will have two submerged tubes in a single 

compartment fitted up for the storage of eight 17 ft. 

torpedoes, and appliances for handling and operating 

them. Taking the Maine as representative of the 

type, some of the dimensions and particulars are of 

special interest: Length, L. W. L., 3888 ft.; beam, 

moulded, 72 ft.; freeboard, forward, 20 ft., aft, 13 ft. 

3 in.; mean draught, with 1,000 tons of coal and all 

stores and ammunition, 23 ft. 10 in.; corresponding 

displacement, 12,500 tons; speed, 18 knots; and [.H.P.., 

with assisted draft, 16,000. 
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CONSIDERATION OF THE INDICATOR AND ITS 

USES ON BOARD SHIP—I.* 

BY R. W. JACK. 

It is a somewhat difficult task to appreciate the true 

importance of the application of this device, to the 

scientific study of the behavior of steam subject to 

such diverse and yarying conditions as we find ruling 

in its transmission of work. If, however, we approach 

the subject of steam engine efficiency from its incep- 

tion with a diligent regard for its history and progress, 

we can scarcely escape the most certain conviction of 

the genius of Watt, in the highest sense to which that 

attribute has been applied. 

We are apt to look lightly upon anything with which 

engineers have been familiar for a hundred years, but 

if ever a doubt should arise in our minds in regard to 

Watt’s scientific attainments, nothing further need 

ever be remembered than that it is to him we owe this 

valuable invention. The development of the steam 

engine has been as truly a scientific achievement as 

that to which the progress of any other braneh of art 

has been due. Looking backward, it is really wonder- 

ful to find how complete were the theories advanced 

by this pioneer in the application of steam to mechan- 

ics, and how fully their truth has been borne out in 

modern practice. The steam engine indicator in its 

primitive form was simply an instrument meant to 

record the pressure of steam in the cylinder, without 

regard to the position of the piston. This function 

alone was then necessary, since at that period the 

steam was carried the whole length of the stroke, but 

we are nevertheless indebted to Watt for the diagram 

of work as represented by an ordinary indicator card, 

and which he used to prove the economy of work- 

ing steam expansively. The improvements which 

have taken place since its first application to a steam 

eylinder have been merely mechanical. 

It is now recognized that the requisite qualifications 

of a good indicator are, first, a strong spring so ad- 

justed to the extreme limits of pressure to which it is 

applied, that its greatest compression or tension shall 

not materially disturb its axis or unduly bend the 

spring; second, that the moving parts shall be as light 

and frictionless as is consistent with its work. The 

most important modifications and improvements have 

been effected by McNaught, and by Richards, whose 

apparatus remained for many years the standard, 

while of late years many beautiful adaptations of the 

parallel motion and perfected mechanism have com- 

‘bined to render the instrument extremely sensitive, 

and in careful hands the diagram taken may be con- 

sidered as nearly approaching accuracy as it is possi 

ble such a device can ever attain to. It may be con- 

ceded that to offer instructions as to how the neces- 

sary precautions and adjustments ought to be made 

lies rather outside the scone of this essay, and that 

upon a subject with which we are all more or less 

familiar, the necessity mainly rests not so much on 

the practical application of the indicator, as upon the 

principles which underlie a correct appreciation of its 

details. 

* From a paper read before the Institution of Engineers and 

Shipbuilders at Hong Kong. 
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It will be obvious to all that to obtain the correct 

diagram an inuicator should be placed as closely to 

the cylinder as is possible with convenience in manipu- 

lating it. The position and lead of the orifice which 

connects with the end of the cylinder s. vuld be select- 

ed so as to prevent any undue influence of the entering 

or exhausting steam, for it is well known that a jet of 

steam in blowing across the mouth of an orifice tends 

to reduce the pressure in its connections. If pipes be 

used, as they almost invariably are, for convenience in 

obtaining with a single indicator diagrams from both 

ends in quick succession, they must be of ample size 

and well protected by non-conducting material. The 

motion communicated to the paper cylinder should 

exactly correspond with the motion of the piston of 

the engine. In practice this is rarely the case, but the 

error is generally so small that it approaches suffi- 

ciently for most purposes to perfect synchronism. If 

the motion be taken from the crosshead of the engine, 

the length of the lever from which the paper barrel 

receives its partial rotation should be as great as con- 

ditions will conveniently permit. It may also be point- 

ed out that in every case the cord or wire should be 

led at right angles to the lever, when the piston is in 

mid-position, otherwise the error is aggravated at one 

end of the stroke and diminished at the other. Those 

propositions may be easily verified by the aid of a 

pair of compasses. 

Take the first case as represented by Fig. 1. Let 

A B pe the stroke of the piston, and @ 6b the 

D 
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reduced motion to be communicated to the paper drum 

of the indicator. Divide A B and a 6 into equidistant 

spaces, say we take 4, then by shifting the position 

of the fulerum o outward, thereby increasing the 

length of the lever, it will easily be seen that the 

error gradually decreases. For instance, take the first 

fulerum 0, the length of the lever is D 0. From 4 

draw Aa,, then oa, will represent the short arm of the 

lever. When the crosshead (or piston) is in the posi- 

tion indicated by O, i. e., one half the distance A 1D). 

the position on the indicator diagram would be repre- 

sented by c, instead of which it should have been at 7, 

which is one-half the distance “a d.” Referring to 

Fig. 1 it will be seen that, in the extreme case we have 

taken with the fulcrum at vo, toward the ends of the 

stroke, the motion is almost imperceptible, although 

at mid-position D 0 both points are moying with the 

same velocity, consequently unequal relative spaces 

are passed over in the same time, thereby making the 

indicator diagram highly erroneous and rendering it 

completely useless for its intended purpose. If the 
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crosshead moves trom A to CO, the distance shown by 

the diagram will be the vertical distance between 

a, and c, while for the same distance traveled by the 

erosshead, C D, the length on the diagram will be 

represented by the vertical distance between e and y. 

I think it will thus be evident to most engineers that 

a theoretical curve superimposed upon any diagram 

which may have been taken regardless of the syn- 

ehronizing of the paper cylinder with the piston of 

the engine is necessarily misleading. Again, if we 

look at Fig. 2, it will be seen that at one end of the 

stroke the lever and cord are almost in line, and the 

Fre. 2 

consequent motion is therefore comparatively slow, 

while at the opposite end it is ata maximum. Fairly 

accurate results will be produced with a lever whose 

length is about 11-2 times the stroke of the engine, 

and if it be worked by a swinging link from the cross- 

head, the length of such link should not be less than 

one-third of the stroke. With those proportions the 

adjustments may be made as in Fig. 8. In any case 

the connections should be as direct and rigid as the 

CENTER LINE 

LEAD|TO INDICATOR 

STROKE OF ENGINE 

~ 

Cae
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circumstances will allow, and to this end brass wire 

may with advantage be substituted for the cord gen- 

erally used. 

An engineer will scarcely require to be told that his 

best attention is absolutely necessary to every detail 

connected with the working of the indicator if he 

would obtain a true diagram and ‘learn what it can 

teach. Before applying the pencil to the indicator for 

the purpose of taking a reading the instrument should 

be tested with the lightest spring of the set. After the 

various parts have been thoroughly cleaned and oiled, 

they should be carefully put together, the bracket 

sleeve carrying the parallel motion is turned until it 

bears against the stop, and the pencil is adjusted until 
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it just lightly touches the paper drum. Place the 

paper in position by first folding one edge backward, 

wrap it tightly around the drum and fold the other 

edge of the paper back between the clasps. First 

describe a line on the paper by slightly rotating the 

paper cylinder by hand; press the piston of the indi- 

eator down, and release it very gradually; trace an- 

other line; compress the spring by drawing the piston 

outward, release it slowly and trace again. ‘Those 

three lines should exactly coincide. It is a test of the 

Whole motion being perfectly free from friction and in 

good working order. The cord or wire should then 

be so adjusted that a margin is left at the extremities 

of the travel to prevent tne paper drum from touching 

the stop at either end. The total length of the dia- 

gram is generally about 5 in., and it is supposed that 

the motion is reduced to give the exact travel. The 

indicator should be allowed to work for a few seconds 

before taking off a diagram, in order that it may 

attain the proper temperature and approximate more 

closely to the working conditions. It is also advisable 

that the pipes themselves should be blown through 

hefore attaching it. 

Diagrams may now be taken from either end in 

succession and the atmospheric line traced before the 

paper is withdrawn. We must now trust to our ex- 

perience and the knowledge we possess to locate any 

faults, whether they exist in the instrument itself or 

are attributable to defective adjustment of the ma- 

chinery. To enable us to read a diagram and to under- 

stand and account for the complete figure, it is neces- 

sary that we should be familiar with at least the 

simplest form of valve gear. For this purpose it may 

be well to state the conditions under which it is most 

desirable to work a reciprecating engine. Let the 

piston be supposed at one extremity of the cylinder 

and under working conditions; steam is admitted and 

follows the piston at full pressure for a certain part of 

the stroke. The cylinder is then closed to its source 

of supply and the enclosed steam expands with dimin- 

ishing pressure until toward the end of the stroke the 

eylinder communicates with the exhaust chamber, and 

this side of the piston remains in this state nearly the 

whole of the return stroke. Ata certain distance from 

the point whence the piston began, the cylinder is 

closed to exhaust and the imprisoned steam is com- 

pressed by the advancing piston, while still nearer to 

the extremity of its travel, the cylinder again connects 

with the source of energy. Those are the points which 

may be said to be essential to the economical working 

of the engine, and an indicator diagram will show 

more or less distinctly each succeeding change and 

period. Whether it be possible to attain the perfect 

distribution of steam will primarily depend upon the 

skill of the designer, and to some extent upon the 

attention bestowed on the machinery by those in 

charge. An indicator diagram taken with all neces- 

sary precautions must be the final arbiter of the 

claims of the various valve gears, and so far the oldest 

and simplest of the surviving valve motions still holds 

the field. The link motion, as it is called, driven by 

eccentric pulleys placed on the main shaft, is still the 

commonest form of device used for communicating 

the requisite movements to a slide or piston valve, so 
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that unless otherwise specitied it will be understood 

that it is to it I may apply my remarks. 

We are now in possession of the elementary princi- 

ples which regulate the reciprocating action of a 

steam engine, and we are prepared to expect an ap- 

proximate figure to that which theory would suggest. 

The principal objects of an indicator diagram are, 

first, that we may be enabled to calculate the power 

exerted by the engine, from the mean effective pres- 

sure shown by the diagram; and second, that we may 

observe the behavior of the steam upon either side of 

the piston during each interval of time required to 

complete one revolution of the engine. 

The diagram shown in Fig. 4 will serve to illustrate 

the method of finding the mean pressure. The length 

TOP BOTTOM 
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of the diagrams between perpendiculars raised from 

the base or line of atmospheric pressure, and touching 

the extremities of the figures, is first divided into a 

number of equal spaces. Any number of spaces may 

be taken, and it will to some extent depend upon the 

uniformity of the diagram. The greater the number 

of divisions, the more accurate will be the result. It 

is generally sufficient in practice and most convenient 

for calculations to adopt ten. If the figure is very 

irregular in any division, that particular space may 

be further subdivided, and the mean taken to repre- 

sent that space, but such refinements are seldom nec- 

essary. Each division is measured midway between 

the perpendiculars with a scale corresponding to the 

spring used, the whole added together and divided by 

ten is the average pressure acting on the side of the 

piston. The opposite side is treated in the same way 

and added to the former. This result, divided by two, 

represents the mean effective pressure on the piston 

during a complete revolution of the crank. If, how- 

ever, a set of cards have to be measured by hand it is 

better to mark off on a strip of paper each consecutive 

distance, beginning from the one extremity and fol- 

lowing on, so that the total length of all the distances 

is the sum of tue pressure by seale. This again 

divided by ten gives the mean pressure. The usual 

plan of measuring each diagram separately, though it 

may approximate the true value, is nevertheless 

wrong, because pressure alone is not a measure of 

work. What we really wish to ascertain is the differ- 

ence of pressures at those intervals existing between 

the two sides of the piston, so that a diagram from one 

side should be measured not alone, but witn regard to 
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that taken from the o.uwer side at the same instant. 

We should therefore measure from the steam side of 

the diagram, which we are considering, to the back 

pressure or exhaust side of the opposite diagram. 

This will give us the true effective pressure and guide 

us in a more correct estimate of the varying stresses 

on the crank pin. In Fig. 4 is shown this method of 

measurement. ‘Che distances between the arrow 

heads are the true effective pressures, acting either in 

one direction or we other. On,the side marked Top, 

for instance, the effective pressures are all positive 

from @# to y, i. e., the pressure of steam on the top 

side of the piston exceeds that on the under side at the 

same instant, until the piston attains the position in- 

dicated by y. At this point the pressures balance each 

other, and the remainder of the stroke is actually per- 

formed against a greater pressure acting on the under 

side, so that we must subtract the distance @ b, or 

negative pressure, from the aggregate positive pres- 

sures. 

In the indicator diagram (Fig. 4) is also shown an 

accurate method of dividing the length of the card 

A B into ten equal divisions. Draw a line at any angle 

in the direction A C. With a pair of compasses set to 

any approximate distance, mark off on the line A C 

ten equal divisions. Join 10 and B, the other extrem- 

ity of the diagram, and with a pair of triangles divide 

the line A B into the required divisions by shifting the 

triangles about to suit. If the length of the diagram 

be fixed in each case, occasion should never arise more 

than once to subdivide it by geometry, for the correct 

diagram may be kept for future reference. In most 

cases the indicator will admit of a diagram being 

taken 5 in. long, and the gear once set should never 

be altered, or means taken to ensure i.e exact position 

of the pin on the lever, whence the paper drum re- 

ceive its motion. This length lends itself to an easy 

division of half inches. In order to facilitate the 

working out of the mean pressures, a simple and con- 

venient device has long been in use, and is sold either 

with the indicator or supplied singly. It consists of 

eleven parallel bars of thin steel, of equal lengths, 

placed at equal intervals and all connected at the ex- 

tremities by two parallel frames. An instrument 

called a planimeter is sometimes used where the tak- 

ing of diagrams is a frequent occurrence, or for office 

work. Being a mechanical contrivance it is more ac- 

curate and quicker than the geometrical method. The 

area of the figure as shown by the planimeter is 

divided by the total length of the diagram, and this, as 

before, gives us the mean pressure according to scale. 

From what has been said regarding the correct method 

of estimating the mean pressure, it will be obvious 

that two operations by the planimeter become neces- 

sary. Fig. 5, first, to ascertain the area of the larger 

figure a, b, c, d, e, f; and second, to find the area of the 

smaller figure c, yg, h. The latter should then be sub- 

tracted from the former and the difference divided by 

the total length of the diagram as before. This again 

multiplied by the scale corresponding to the spring in 

use gives the mean pressure acting on the top side of 

the piston. The mean pressure acting on the under 

side of the piston is found in the same manner, added 

to the former and divided by two. The quotient 
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should be the exact effective mean pressure on the pis- 

ton during a complete revolution of the crank. 

Having obtained the mean pressure by any one of 

those methods, we may with the information thus 

supplied by the indicator calculate the power exerted 

by the engine. Work may be defined as the product 

of pressure and space, and power as the product of 

work and time. ‘the British unit of work is a weight 

of 1 lb. raised vertically through a space of 1 ft., and 

the unit of power, as decided by Watt. and called a 

io) 
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horse power, is 33,000 foot-pounds exerted for a min- 

ute. To caleulate the power of an engine we must 

tnerefore be provided with certain measurements. 

We know the mean effective pressure per square inch 

of piston surface, and to find the total effective pres- 

sure we must ascertain the total number of square 

inches or the area of the piston. The area of a piston 

is equal to d? x .7854 or (i x 8.1416. The latter way 

is the quicker if worked by common fractions, for 

3.1416 is approximately 3 1-7. lind the space through 

which this force acts during one minute by multiply- 

ing the length of the stroke in feet by 2 and by the 

number of revolutions per minute. This is the total 

travel of the piston in the given time. 

The indicated horse power is therefore = (d* x .7854 

Xx 2x rx p) + 38,000 where— 

d = diameter of cylinder in inches; 7 = length of 

stroke in feet; 7 = revolutions per minute; p = mean 

pressure as found from diagram in pounds per square 

inch. 

To save time in calculating the power from a num- 

ber of diagrams, taken under different conditions, con- 

stants may be obtained by working out all the known 

quantities and thereafter completing the operations 

with the numbers which are variable. For instance, 

in the equation I. H. P. = (d@ x 7854 x lx 2xrxp) 

+ 33,000, the quantity (d* x .7854 x 2 x 1) + 33,000 never 

changes, so that if this be already worked out, it only 

remains to be multiplied by the mean pressure (p) 

found from the indicator diagram and by the revolu- 

tions (7) per minute. The equation therefore becomes, 

Il. H. P.=cxpxr where ¢ is the constant so obtained. 

Or by having the formula worked out for a range of 

revolutions between which it is usual to work the 

engines we may obtain constants for every approxi- 

mate condition of speed. If we know that the engines 

are running between the limits of, say, 60 to 70 revo- 

lutions per minute, constants may be calculated for 

every half revolution, and when working out the 

power of an engine between those speeds it will only 

be necessary to select the one nearest to that which 

corresponds with the speed of the engine when the 

diagram was taken. The general expression for the 
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constant ¢ in this case is therefore (d* X .7854 x l x 2 

x r) + 33,000, and the power is obtained by multiply- 

ing the result by the mean pressure, thus, I. H. P. = 

© X fi ; 

It is common in calculating the power of an engine 

to neglect the decrease of the effective area of the 

cylinder caused by the piston rod. In eylinders of 

large diameter the practice will not, of course, serious- 

ly affect the result, but there can be no valid excuse 

in any case for such a practice. In the case of triple 

and quadruple expansion engines where the piston 

rods are all of one diameter, this consideration of the 

eross section of the rods becomes imperative. The 

power of an engine will vary exactly as the area of the 

eylinder when all other conditions are fixed, i. e., if the 

length of stroke, number of revolutions per minute, 

and mean pressure are to be certain quantities, then 

the I. H. P. will be decided by the effective area of the 

eylinder. It is thus easy to understand that the error 

will be the more aggrayated when the area of the 

eylinder is small compared with the cross section of 

the piston rod. For example, take the case of a quad- 

ruple expansion engine whose H. P. cylinder is 21 

in. dia., and with a piston rod 7 in. dia. The differ- 

ence in the two methods of calculation is therefore 

area of piston rod ‘100 — 38.5 << 100 = 11.1%. 

area of cylinder 346.5 

It may be observed that those calculations are use- 

ful only so far as they represent the total work applied 

to the piston, and give no idea of how it is distributed - 

—in friction internal and external, the working of 

pumps, valves, ete., and the useful or propulsive effect. 

To obtain such valuable information, though highly 

desirable, is rather beyond the scope of this paper, 

and at the best it might, in the absence of reliable 

experiment, prove only a very rough guess. But there 

are other lessons to be learned from the indicator 

diagram. Although the diagram itself is merely an 

indication of pressures existing at each interval of the 

stroke, the essential properties of steam are so fixed 

and interdependent that we may calculate equally 

well quantities, densities, or temperatures. It is a 

highly interesting stuuy to estimate the equivalent 

weight of steam at certain critical points of the dia- 

gram, and thus to observe the alternating nature of 

the conditions to which it is subjected. Steam in the 

act of expanding does not follow the simple law of a 

permanent gas, and its behavior has occupied the 

attention o. the most eminent scientists. What is 

ealled ‘“Boyle’s Law,” or the “Law of Mariotte,” has 

been.admitted, and is now established as pertaining 

only to a perfect gas. Stated simply, it is that the 

density or pressure of a gas multiplied by its volume 

never changes, that is to say, Suppose we have a cubic 

foot of gas at a pressure equal to that of one atmos- 

phere, then no matter whether that gas be expanded 

or compressed, the product of its volume into the 

pressure which it supports is strictly a constant quan- 

tity. If it be compressed to one-half of its original 

volume, the pressure or density is doubled; if expanded 

to twice its volume the pressure or density is one-half 

of the original. Another and shorter way of ex- 

pressing the same law is to say that the pressure of a 

permanent gas varies inversely as its volume. 
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It therefore becomes a simple matter to plot out a 

curve which shall conform to those conditions. To 

those who are familiar with geometry the hyperbolic 

curve at once suggests itself as a perfect solution, and 

the mathematical location of any point in the curve is 

so easy that any one who understands the rudiments 

of arithmetic is able to perform the necessary com- 

putations. For instance, consider Fig. 6. Let A B 

represent a certain volume, say the volume of a cylin- 

Cc D 

100 LBS. 

> ABSOLUTE PRESSURES, B 
1 2 3 4 5 6 7 8 910 
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der in cubie feet (diameter of cylinder in feet squared 

x .7854 x length of stroke in feet), and A C the pressure 

of steam. Divide the volume A B into ten equal divi- 

sions, 1, 2, 3, ete. Suppose each division to represent 

1 cu. ft. and the pressure of steam A C to be 100 lb. per 

square inch. Let P stand for pressures in pounds 

per square inch and V for yclumes in cubic feet. We 

will cut off steam say at D, = 4 cu. ft. Now, to 

find the points on the expansion curve we have only 

to remember that P x V, or shortly P vy is a constant, 

so that to estimate the pressures corresponding to the 

volumes 5, 6, 7, 8, 9 and’ 10, we have simply to divide 

P V (i. e., the pressure and yolumes before the steam 

begins to expand) by those numbers representing 

actual volumes. P V is therefore = 100 x 4 = 400. To 

find the pressures related to the volumes 5, 6, 7, 8, 9, 

10, we only require to divide 400 by 5, and by 6, 7, 8, 9, 

and 10, and marx off the points on perpendiculars 

raised from the base A B to the same scale as that to 

which the initial pressure A C is drawn. Those points 

we will name a, 0, c, d, e, f. A curve drawn through 

those points is therefore the curve of ideal expansion, 

otherwise a hyperbola. I have said that saturated 

steam does not exactly follow this law, but only ap- 

proximately so. The difference is so little, however, 

that it is usual to compare the actual diagram with 

this theoretical figure, and it will be readily under- 

stood, when we reflect that before steam may be trans- 

formed to water it must part with its latent heat, that 

under the most favorable conditions the two curves 

will almost coincide. It will now be seen that if the 

expansion curve on an indicator diagram were a hy- 

perbola, any number of points would give the same 

result, because in that case the density or relative 

weight of the steam varies directly as the pressure 

and inversely as the volume, so that the equivalent 

weight of water represented by the steam at any 

pressure and volume would be constant. 

A new 165 ft. yacht for J. H. Ladew,. of New York, 

building at the Crescent Shipyard of Lewis Nixon, at 

Blizabethport, N. J., is of special interest in that her 

design is such that she can be readily converted into 

an auxiliary war vessel. Her hull is modeled on the 

same lines as those of the Coast Survey steamer 

Pathfinder, recently launched at this yard. 

MARINE ENGINEERING. 2} 

U. S. S. STRINGHAM, TORPEDO-BOAT DESTROY = 

ER UNDER CONSTRUCTION AT 
WILMINGTON, DEL. 

Work is well advanced on the torpedo-boat destroyer 

Stringham, under construction at the yard of Harlan 

& Hollingsworth, Wilmington, Del. This boat, it will 

be recollected, is one of three for which contracts were 

let by the Navy Departmen in July, 1897. The other 

two boats are the Bailey and the Goldsborough. Our 

engravings show the condition of the vessel, which has 

been all plated, and the installation of the machinery 

is now going forward. 

The general dimensions of this vessel are: 

Men etheoverwal levers syerrtastererveri teeter eter 231 ft. 4 in. 
Length on normal load water line......... 225 ft. 0 in. 

Beam, normal load water line............... 21 ft. 3 in. 

IB cambm oul dediyeerrcterereteletereleleereiceiiciteivece 22 ft. 0 in. 
Depthemoulded@ate sid cnecmieacediisieitesieeicics 15 ft. 0 in. 

Her guaranteed speed on two hours’ trial is 30 knots, 

with trial load of 60 tons and with a displacement of 

340 tons. Both her outlines and the general arrange- 

ment are shown in the drawings on page 24. 

She is fitted throughout with transverse and water 

tight bulkheads and water tight doors. Williamson 

Bros. steering gears are operated both by hand and 

steam from the forward and after conning towers. 

There is also hand and steam steering gear on the 

bridge abaft the forward conning tower, and an emer- 

gency tiller fitted to the rudder head above main deck. 

There is also a Hyde steam capstan windlass for wire 

cable. 

The Stringham will be armed with two torpedo tubes, 

one placed about amidships and the other aft; both 

being located so as to bear on either side, and the latter 

also astern. She has also seven 6-pounder machine 

guns, so placed that six of the seven can be brought to 

bear on either side simultaneously, and have a range 

of about 140 deg. Five of these guns are mounted on 

the main deck and one each on the two conning tow- 

ers. As an additional protection to the conning tower, 

tuere is an armored turtle back extending from the 

forward conning tower to the stem, and this is supple- 

mented by a fixed gun shield extending from the turtle 

back deck aft about 14 ft. on each side of the forward 

conning tower, about 31-2 ft. high, affording great 

protection against rapid fire guns and small arms. As 

the Stringham’s 6-pounders are machine guns and 

eapable of firing many shots a minute, it will be seen 

that her broadside is formidable for a ship of her size. 

A novel feature of design in this boat of interest to 

engineers is the arrangement of steam valves in the 

main engines, aS can be readily seen in the accom- 

panying scale drawing on page 22. The propelling en- 

gines are alike, right and left, and stand side by side 

in one compartment. They are of the vertical, in- 

verted, direct-acting, triple-expansion type, each with 

a high pressure cylinder 22 in. dia., an intermediate 

pressure cylinder 32 1-2 in. dia., and two low pressure 

eylinders 84 in. dia., the stroke of all pistons being 

18 in. Stephenson link motion is used, each pair of 

eccentrics imparting motion to the valves of two cylin- 

ders. This is accomplished by placing the piston 

valves tandem so that in each engine the high pressure 
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crank shafts are steel, made in one piece for each en- 

gine and are hollow. The shafts, piston rods, con- 

necting rods, and working parts generally, are forged 

of a high grade of steel. The piston rods and connect- 

ing rods are hollow and oil tempered. 

The collective indicated horse power is estimated at 

about 7,200 when the engines are making about 400 

revolutions per minute. 

The electric lighting plant has a capacity for 100 

lights. z 

There are two condensers, one for each engine, of 

copper, oval in shape, 12 ft. 9 in. long, containing 1,292 

tubes 5-8 in. dia., with a cooling surface of 2,700 

Marine Enyineering AIR RUMP 

SCALE OF FEET 

SS 

SCALE OF FEET 

1st L.|P. CYL. 

NeXHAUST is 

PLAN OF TRIPLE-EXPANSION ENGINES OF THE TORPEDO-BOAT DESTROYER ‘‘ STRINGHAM.’ 

STARBOARD ENGINE 
LOOKING FORWARD 

ELEVATION OF ‘‘STRINGHAM’S’”’ ENGINES. 

sq. ft. in each. A single acting air pump is fitted for 

each engine, driven from an extension of the main 

engine shaft. The circulating of water through the 

condensers will result from the speed of the vessel. 

A small circulating pump driven by a small engine 

is fitted for slow speed and starting. The propellers 

are right and left, and are made of manganese bronze. 

There are four water-tube boilers of the Thornycroft 

type, with uptakes to three smoke pipes, one each for 

the forward and after boilers, the other for the two 

middle boilers. 

There are three steam feed pumps in the engine 
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RUSSIAN 
Q
U
A
D
R
U
P
L
E
 

S
C
R
E
W
 

ICE 
B
R
E
A
K
E
R
 

‘‘ERMACK,’’ 
BUILT 

IN 
E
N
G
L
A
N
D
 

BY 
ARMS 

S
o
m
e
 
t
i
m
e
 
a
g
o
 
a 
c
o
m
m
i
s
s
i
o
n
 
c
o
m
p
o
s
e
d
 

or 
R
u
s
s
i
a
n
 

s
h
i
p
b
u
i
l
d
i
n
g
 

e
x
p
e
r
t
s
 

visited 
our 

L
a
k
e
 

ports 
w
h
e
r
e
 

ice 
b
r
e
a
k
i
n
g
 

vessels 
are 

e
m
p
l
o
y
e
d
 
a
n
d
 
m
a
d
e
 

a 
care- 

ful 
e
x
a
m
i
n
a
t
i
o
n
 

of 
the 

f
a
m
o
u
s
 

L
a
k
e
 

ice 
c
r
u
s
h
e
r
s
.
 

E
x
p
e
r
i
e
n
c
e
s
 

e
l
s
e
w
h
e
r
e
 

w
e
r
e
 

also 
s
o
u
g
h
t
 

w
i
t
h
 

a 

v
i
e
w
 

to 
the 

d
e
s
i
g
n
 

of 
a 

p
o
w
e
r
f
u
l
 

vessel 
for 

use 
in 

o
p
e
n
i
n
g
 
u
p
 
c
h
a
n
n
e
l
s
 

in 
v
a
r
i
o
u
s
 
R
u
s
s
i
a
n
 

p
o
r
t
s
 
dur- 

ing 
the 

d
e
p
t
h
 

of 
winter. 

T
h
e
 

practical 
result 

w
a
s
 

the 
p
l
a
c
i
n
g
 

of 
an 

o
r
d
e
r
 

w
i
t
o
 

the 
E
n
g
l
i
s
h
 

firm 
of 

Sir 
W
.
 

G. 
A
r
m
s
t
r
o
n
g
,
 
W
h
i
t
w
o
r
t
h
 
&
 
Co. 

for 
the 

con- 

s
t
r
u
c
t
i
o
n
 

of 
the 

vessel 
w
h
i
c
h
 
our 

artist 
h
a
s
 
d
e
p
i
c
t
e
d
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o
r
c
i
n
g
 

a pa
s
s
a
g
e
 

t
h
r
o
u
g
h
 

the 
solid 
ice. 
T
h
e
 

n
e
w
 

vessel 
is 

n
a
m
e
d
 

the 
H
r
m
a
c
k
,
 

a
n
d
 

is 
in 

d
i
m
e
n
s
i
o
n
s
:
 

L
e
n
g
t
h
,
 
350 

ft.; 
b
e
a
m
,
 
71 

ft.; 
depth, 

42 
ft.6 

in. 
S
h
e
 

is 
fitted 

at 
the 

b
o
w
 

a
n
d
 

stern 
w
i
t
h
 
s
c
r
e
w
s
 

d
r
i
v
e
n
 

b
y
 
f
o
u
r
 

sets 
of 

t
r
i
p
l
e
-
e
x
p
a
n
s
i
o
n
 

e
n
g
i
n
e
s
 

of 
10,000 

I. 
H
.
 

P. 
in 

the 
a
g
g
r
e
g
a
t
e
.
 

T
h
e
r
e
 

are 
six 

d
o
u
b
l
e
-
 

e
n
d
e
d
 

boilers 
fitted 

w
i
t
h
 
H
o
w
d
e
n
 

draft 
a
n
d
 
a 

c
o
m
-
 

T
R
O
N
G
,
 
W
H
I
T
W
O
R
T
H
 

&
 
C
O
.
 

plete 
e
q
u
i
p
m
e
n
t
 

of 
auxiliaries, 

a
n
d
 
e
x
t
e
n
s
i
v
e
 

elec- 

trie 
light 

plant. 
T
h
e
 

c
o
n
s
t
r
u
c
t
i
o
n
 

t
h
r
o
u
g
h
o
u
t
 

h
a
s
 

b
e
e
n
 
e
x
c
e
p
t
i
o
n
a
l
l
y
 

strong, 
not 

o
n
l
y
 

in 
the 

hull, 
b
u
t
 

in 
the 

engines, 
so 

that 
there 

is 
but 

r
e
m
o
t
e
 
d
a
n
g
e
r
 

of 
disaster 

f
r
o
m
 

the 
i
n
t
e
n
d
e
d
 

uses 
of 

the 
vessel. 

T
h
e
 

f
r
a
m
e
s
 

are 
fitted 

v
e
r
y
 

closely 
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e
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e
r
 

a
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d
 

t
h
e
r
e
 

are 
n
e
a
r
l
y
 

fifty 
w
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e
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o
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p
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s
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all. 
T
h
e
 
E
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m
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will 
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25 

ft. 
a
n
d
 

a 
c
o
r
r
e
s
p
o
n
d
i
n
g
 
d
i
s
p
l
a
c
e
m
e
n
t
 

of 
8,000 

tons. 
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IMPROVED APPARATUS. 

Positive Driving Drill Chuck. 

The accompanying cuts are exterior and interior 

views of the Positive Driving Drill Chuck, made by 

the Pratt Chuck Company of Frankfort, N. Y. The 

distinctive feature of the tool is an equalizing driver 

which takes the flattened shank end of the drill, or 

| 

POSITIVE DRIVING DRILL CHUCK. 

or other tool. This driver consists of a cross bar 

pierced with a rectangular socket hole, indicated in 

both figures, lying in the base of the chuck. By the 

use of this device the jaws of the chuck have only to 

hold the working tool in perfect alignment, and are 

wholly relieved of the twisting strain of driving the 

tool as well. The end of the tool shank need not be 

accurately or centrally flattened, as the body of the 

chuck is hollowed out to a sufficiently loose fit about 

the driver to allow any such imperfect shank to 

find the socket, and be positively driven by it. The 

makers claim it is impossible for a tool to slip, and 
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Hutchinson Water-tube Boiler. 

A new marine water-tube sectional boiler, with ver- 

tical tubes, is shown in the drawings of a small boiler 

of this type, which in dimensions is 6 ft. long, 4 1-2 ft. 

wide, and 6 ft. high, and has about 350 sq. ft. heating 

surface and 101-2 sq. ft. grate surface. The idea in 

designing this boiler was to create a type in which all 

tubes should be straight and accessible; which should 

have a large combustion chamber, a low center of 

gravity, and an obstructed horizontal path for the 

products of combustion. The construction is entirely 

of rectangular manifolds connected together and to a 

steam and water drum by straight tubes, in all cases 

secured by expanded joints. All the sections above 

the grates are exactly similar, making it possible to 

establish two or three standard side elevations, for 

different lengths of grate, and to obtain any required 

H. P. by varying the width of the boiler. The outside 

sections are extended down so that the water boxes 

form very desirable edges for the grate and the tubes 

make good walls for the furnace. It is intended to 

use for manifolds solid cold drawn rectangular steel 

tubes about 7-16 in. thick and in no instance larger 

than 6 in. sq. inside. In the design an unusually 

‘large primary combustion chamber is provided and 

the secondary combustion chamber is eliminated en- 

tirely. The address of the patentee is Richard Hutch- 

inson, Tremont Building, Boston, Mass. 

Mechanical Stoker for Marine Work. 

To design a mechanical stoker which will be effec- 

tive when applied to a marine boiler has been the 

effort of many inventors. In the case of the Ameri- 

can Stoker Company this has reached the stage where 

a practical trial in a large vessel has been decided 

upon, with the co-operation of the owners. The draw- 

HUTCHINSON MARINE TYPE WATER-TUBE BOILER. 

the jaws need be tightened only enough to allow the 

tool to float—a handy feature when the chuck is in 

use on worn lathes where the turret holes are out of 

line... The chucks are made in five sizes. 

ings here published give an idea of the construction 

of this stoker, which is to be fitted in a new vessel 

for the Zenith Transit Line, of the Great Lakes, now 

building at the yard of the Cleveland Shipbuilding 
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Company. ‘The vessel will be fitted with two water- 

tube boilers, 12 ft. 51-2 in. long and 9 ft. 2 in. wide, 

fitted in a fore and aft direction with the furnace 

fronts inboard. The stokers will be used in connec- 

tion with a system of forced draft supplied by a fan 

placed aft of the boiler, and connecting with the 

stokers by ducts under the floor plates. There will 

be three stokers to each boiler, or six in all, of the size 

known in land practice as 9 in. Hach will be fitted 

with an independent motor and will have two deail 

grates. Each group of stokers is designed to burn 

1,600 lb. of coal per hour nominally, and 2.100 lb. when 

forced, and the company guarantees an entire absence 

of smoke when running. These stokeis are simple in 

design and belong to the underfeeding type. Just in 

front of the furnace door is a chute which may be 

fed by hand, as it is in the present case, or mechan- 

ically and automatically, as is the case with many 

installations on shore. In front of this is a small 

motor which serves to actuate the screw of a con- 

veyor, which carries the coal into the furnace and dis- 

tributes it up through the guide chamber to the top 

of the fire, therefore accounting for its name, ‘‘under- 

feed.” This screw conveyor or worm extends the 

entire length of the furnace. Immediately beneath 

the conveyor pipe is located the wind box. The motor 

driving the worm has a simple reciprocating motion, 

having a rod which carries a crosshead, and which, by 

means of suitable connecting links, operates a rocker 

arm with a pawl mechanism, that in turn actuates a 

ratchet wheel attached to the conveyor shaft. The 

stoker is thus entirely self-contained and complete in 

itself and consequently there is no danger of the 

driving and feeding mechanism ever getting out of 

MARINE ENGINEERING. 27 

its correct alignment. At the boilers the coal is fed 

into the hopper, carried by the conveyor into the 

magazine or furnace, which it fills, overflows upon 

both sides, and spreads upon the sides of the grates, 

as may be understood from the smaller drawing show- 

ing the front elevation and section of two stokers of 

one boiler. The coal is fed slowly and continuously, 

and approaching the fire in its upward course is 

slowly roasted and coked, and the gases released from 

Marine Engineering 

TWO OF THREE STOKERS FOR ONE BOILER. 

it are taken up by the fresh air entering through the 

passages, which combines these gases, the coal being 

delivered as coke on the grates. The cleaning of the 

grates or the removal of the ashes is easily performed 

and entails no loss, since the coal in its passage has 

been thoroughly consumed. The boilers will be fitted 

with furnace doors, and ash pan and doors, so that 

Marine Engincering 

MECHANICAL STOKER FITTED TO WATER-TUBE BOILER. 

alignment. This of course is an exceeuingly impor- 

tant point in an installation, such as that aboard ship, 

where there is constant motion, tending to disarrange 

any apparatus the efficiency of which depends upon 

should the apparatus give out from any cause, hand 

firing can be used. The address of the manufacturers 

and patentees, The American Stoker Company, is 

Broadway and Liberty Street, New York. 
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HE event of the month in shipbuilding circles 

was the launching of the monstrous White 

Star liner Oceanic at the yard of Harland & Wolff, 

Belfast, Ireland. In another place in this issue a 

general description of the new vessel is given, to- 

gether with reproductions of photographs of the 

vessel before, during and after the launching, 

taken expressly for the information of our readers. 

Aside from mere comparative size, there are many 

‘ideas of the owners incorporated in this vessel 

which are of particular interest. Punctuality, if 

such a word can be properly used with reference to 

the schedule arrival of an ocean liner, has been a 

controlling factor in design rather than record- 

breaking capacity. In this the White Star line 
has departed from traditions, just as it did in the 

past in the matter of form and in interior arrange- 
ment of its ships. So accustomed, indeed, had 
persons interested in such matters become to the 

rivalry of lines in the matter of speed, that when 

the vessel was projected the wildest guesses took 

the form of positive statements—about 27 knots 

was the limit. But viewing their trade and its 

possibilities, the owners decided that in their new 

vessel speed should be subordinated to punctuality, 

comfort, carrying capacity, safety and commercial 

success. ‘'T'o be assured of the first a set of dimen- 
sions was decided upon, which gave the largest 
vessel in existence, built or building; a vessel large 
enough and powerful enough to be able to main- 
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tain a high rate of speed in storm as well as calm. 

Keeping the engine power within limits in such a 
huge and heavy structure meant freedom from 

irritating vibrations—therefore comfort. Care in 

design and honest work in construction provided 

the factor of safety, and the proportion of ma- 

chinery and bunker to cargo and passenger space, 

and the keeping of power within economic limits, 

assures profitable financial returns. It is cer- 

tainly a strong argument in favor of those who 

hold that under existing trade conditions and the 
present limits of scientific knowledge the end 

has been reached, if not passed, in liner construc- 

tion. A moderate increase in speed over existing 

ships would not have brought the company more 

popularity among discriminating travelers, though 

it would undoubtedly for the time attract those 

(and they are many) who want to travel in the 

fastest ship. The Oceanic as designed will end 
her transatlantic trips on Wednesday mornings, 

thus getting alongside her dock at a seasonable 

and convenient hour, and, if delayed through fog 

or otherwise, will have a margin of several hours 

in which to land her passengers in daylight. 

Greater hourly speed would mean possibly an ar- 

rival Tuesday afternoon or night, in which case the 

time saved to the passengers on the voyage would 

be lost in port, especially for those making through 

connections. To get in Tuesday mornings would 

mean what is really an enormous increase in speed, 

with all its attendant cost and discomfort. 

ANN 

ETURNS of British shipbuilding during the 

year 1898 are recorded in various foreign 

papers, along with many expressions of congratu- 

lation upon the prosperous showing during the 

year ended and the indications for the year begun. 

In round numbers the total tonnage launched from 
private yards in the United Kingdom was 1,600,- 

000 tons, or an increase of about 500,000 tons over 

the preceding year. At the head of the list in 
point of total output comes the English east coast 

yard of Sir W. Gray & Co., with 72,323 tons. The 

Scotch record was captured by Russell & Co., of 

Port Glasgow, with 44,551 tons, and in Ireland 

Harland & Wolff lead with 67,905 tons. Had 

they launched the Oceanic during 1898 they 
would have exceeded all British firms, as they did 

in 1897. The output of all yards outside of the 

United Kingdom is estimated at about 500,000 

tons, so that this gives British yards the credit of 
putting out three-fourths of the world’s shipbuild- 
ing during 1898. At the Royal Dockyards naval 
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vessels of a total of about 71,000 tons were put out, 
and in private yards vessels built for the British 
Navy reached a total of about 70,000 tons, the 

value of all being about $43,450,000. For foreign 

governments there were launched in 1898 from 

British yards 52,365 tons of a value of about 

$17,500,000. This was formerly a class of trade 

exclusively in British hands, but it is now being 

cut into by German builders and to some extent 

by our shipyards. 
NN 

E publish an extract from an address by 

Daniel C. Gilman, LL.D., President of 

Johns Hopkins University, delivered recently at 

the opening of the new Library building of 

Princeton University. The subject chosen by the 

distinguished speaker was “Books and Politics,” 

and, in his reference to science as contained in the 

books, he said: 
Let me draw from current affairs some illustrations 

of the highest service that libraries can render to the 

community in which they are placed. Proceed to the 

Brooklyn Navy Yard and ask leave to visit a battle- 

ship or armored cruiser. Place yourself, if permitted, 

under the guidance of a naval officer. Listen to his 

story of how the ship was designed, constructed, pro- 

tected, armed, equipped, navigated, carried into action 

and brought out of the terrific fire unscathed and vic- 

torious. In the aggregate and the detail you will see 

the results of applied science more impressive than 

any of the seven wonders of the world. As illustra- 

tions of human power, the Pyramid of Cheops, the 

Dome of St. Peter’s, the great bridges, the continental 

railways, the Hiffel Tower, take secondary rank when 

compared with a battleship. Every branch of phys- 

ical science has contributed to naval architecture. 

Mathematics, mechanics, electricity, chemistry, metal- 

lurgy produced the tremendous enginery of the Ore- 

gon, able to ride upon stormy waves and encounter 

the cyclone unharmed, double Cape Horn without 

replenishing its coal, discharge its explosives with 

consummate accuracy, destroy the enemy and protect 

the lives and limbs of officers and crew. Whence is 

this applied science derived? From thousands of 

years of research and record. Mathemutics begins 

with theorems as old as Euclid; steel with the earliest 

extraction of the ore; the luminous elektron of prime- 

val men was the dawn of electricity; so, in every de- 

partment, the work of many generations has accumu- 

lated. And where is this knowledge stored up? It 

is perpetuated and augmented in libraries; it is taught 

in colleges, schools of science and naval academies; 

by its acquisition “the man behind the gun” is disci- 

plined in accuracy, coolness, memory, ingenuity, judg- 

ment and intellectual strength. 

This is a worthy tribute, indeed, to the dignity 

and capability of the constructive and operative 

branches of our Navy, and it comes, too, with the 

authority of ripe scholarship and_ intellectual 

force. This might well be seriously considered 
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and applied by those who have the future of the 

American merchant marine within their possibil- 

ities of action. 
SAN — 

le the pages of our London contemporary, The 

Shipping World, we note a statement with ref- 

erence to the shipbuilding year that “the record 
output for the year goes to an American firm, the 

Newport News Shipbuilding and Dry Dock Co., 

having the truly magnificent total of 80,225 

tons to their credit.” Then are enumerated the 

battleships Kearsarge, Kentucky and Illinois, the 

Missouri, the Arkansas and six vessels, each of 

5,000 tons. In the interests of truth and statis- 

tics we regret to have to say that the “record out- 

put” did not go to an American yard. As a mat- 

ter of fact, the output of the yard named was not 
anywhere near the figures given. Or does our con- 

temporary mean by “output” vessels in the 

draughting room or in an uncompleted state on 

the slips. The battleships Kearsarge, Kentucky 

and Illinois were launched during 1898, while 

contracts for the construction of the Missouri and 

Arkansas were only signed on October 11, 1898. 

Of the other- vessels not one was completed in 

1898. If these ships are to be counted in the 

“output” why not, for example, include the Oce- 

anic in the output of Harland & Wolff? It may 

be some consolation to our contemporary to know 

that very probably the statement will hold good a 

year hence, considering the amount of orders in 

the yard referred to and the prospects for Ameri- 

can shipbuilding. 
SS 

ELEGATES from the local organizations of 

the Marine Engineers’ Beneficial Associa- 

tion held their twenty-fourth annual convention 

at Willard’s Hotel, Washington, D. C., last month. 

There was a good attendance and close attention 

Was given to the matters brought up for discussion. 

Among these was the revision of the constitution, 

which was so arranged as to enlarge the powers of 

the branch associations. A clause was also in- 

serted permitting the smaller organizations (hay- 

ing less than fifty members) to join together in 

sending representatives to the convention. Elec- 

tion of officers resulted in the following being 

chosen: George Uhler, of Philadelphia, National 

President; Frank Jones, of San Francisco, Na- 

tional Vice-President; George A. Grubb, of Chi- 

cago, National Secretary, and B. Blanchard, of 

Milwaukee, National Treasurer. Members who 

will sit on the Advisory Board are: John Steritt, 

of New York; Joseph Brooks, of Philadelphia, 

and Joseph Brady, of Baltimore. 



30 MARINE ENGINEERING. 

EXCERPTS FROM ANNUAL REPORT (1898) OF 

THE ENGINEER-IN-CHIEF, U. S.N. 

Always an interesting document, the Annual Report 

(1898) of George W. Melville, Engineer-in-Chief of the 
Navy, recently issued, is of special interest this year. 
War experiences gave much opportunity for getting 
a line on the efficiency of various forms of apparatus 
which had not previously been subjected to war tests. 
Besides such information the report contains much 
that is not strictly naval matter, but applicable equal- 
ly to the merchant marine interests, and is of wide- 
spread technical interest. That our readers may have 
the benefit of this concentration of experiences we 
publish the following lengthy excerpts: 

One very important item of information was obtained 
from the long and severe services of the ships in tropical 
waters, and that was the urgent necessity of keeping a 
large fresh-water supply available for them. The evaporat- 
ing plants, as usually found sufficient in ordinary cruising, 
proved inadequate to continuously meet the demands for 
fresh water there made so unusually heavy and due to con- 
ditions imposed by the hot climate. The high temperature 
of the sea water which is used for condensing the steam 
from the evaporators reduces the output of these plants to 
far below the normal, and the serious results from this 
were shown in salting up of boilers, dropping of furnace 
crown sheets, and, in some cases, the destruction of boiler 
tubes. As the very life and efficiency of a steamship lies 
in the ability to keep her boilers free from heavy scale, it 
became a matter of greatest moment to send to the fleet 
ships fitted especially for distilling water in great quan- 
tities; vessels that could follow the squadron and supply the 
daily deficiencies of fresh water wherever they might go. 

Barring the torpedo boats, which will be discussed later 
ip this report, there was a remarkable absence of casualty 
in the machinery departments of the vessels of the fighting 
squadrons during the period of the war. Even in action, 
when forced-draft conditions were in operation, and the 
excitable natures of the men most wrought upon by the 
surroundings, the reports show that the machinery not 
only worked well generally but that in no case was it 
greatly distressed. This is as fine a commentary upon the 
personnel as on the machinery. 

It is greatly to be regretted that the torpedo boats can 
not show the same excellent records for their machinery, 
but it is a sad fact that nearly every one has had some 
accidents, and the machinery of some at the close of the 
war was in a condition which can only be described as hor- 
rible, where boilers were burnt, cylinder covers. broken, 
pistons and valves stuck, and everything in bad shape. 
This condition of affairs seems attributable to two causes, 
the absence of trained engineering supervision and the use 
of the boats for duty to which they were not adapted. 

Before the war the experiment (and it was understood to 
be an experiment) was attempted of running the torpedo 
boats with only one trained engineer officer for the whole 
flotilla, leaving the care of the machinery of the individual 
boats to young line officers, who had this as a part of their 
multifarious duties. It is not their fault that they are not 
trained engineers, and undoubtedly they were faithful in 
their efforts to perform their duties, but they had not been 
through the preliminary training which will come with the 
passage of the personnel bill, and a man without previous 
training does not become at once a skilled engineer by as- 
suming charge of machinery. 

This experience with the torpedo boat is, indeed, an ex- 
cellent illustration of the benefits to be anticipated from 
the passage of the personnel bill. Only a very few officers 
can be carried, but when every one is an engineer by educa- 
tion and training, there is an assurance that these machines 
will have trained supervision and be kept in good order. 

As to the second cause, it did not require this experience 
to prove that this type of vessel cannot be safely used for 
dispatch-boat duty and to act as tenders on blockading 
ships far from the base of supplies or facilities for efficient 
repair. Primarily, they are intended for high-speed spurts 
where success or failure in the use of their special weapon 
shall be quickly demonstrated. For this they are especially 
built and for this they should be solely kept. 

INSPECTION OF MATERIAL. 

The material inspected consisted of steel forgings; steel, 
iron, and brass castings; steel boiler plate, boiler bracing, 
angles and shapes; lap-welded and seamless steel boiler 
tubes and steam and water pipe; lap-welded charcoal iron 
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boiler tubes and pipe; brazed and seamless copper and brass 
pipe and tubes; steel rivets and rivet rods, and finished 
articles in steel and brass for fittings for engines and 
boilers; structural steel and plates for the Bureau of Yards 
and Docks; and anchors for the Bureau of Equipment. 

The specifications have been revised to secure the 
benefit of the progress made in the manufacture of steel, 
‘iron, copper, and brass material, the plan now being to 
write specifications for each class of material to cover the 
requirements of all classes of vessels, thus avoiding the 
confusion resulting from the multiplicity of separate books 
for each kind or lot of vessels. The manufacturers have 
been consulted about these changes, and the aim has been 
to write the specifications in such a way that the expense 
of testing is made as small as possible compatible with the 
assurance of getting the best material for the purpose in- 

tended. 
Nickel-steel engine forgings have been brought to a high 

degree of perfection, and the only regret is that so few 
companies have undertaken to do this class of work, but 
the prospect is that in the near future several more steel 
companies will begin to make them. 

Seamless drawn steel boiler tubes have been furnished 
during the year for all classes of our boilers of a degree 
of excellence undreamed of a few years ago, and in con- 
sequence the lap-welded tube makers have been compelled 
correspondingly to improve their product, both in material 
and workmanship. 

The securing of a suitable material for steam and feed 
pipes in the destroyers and torpedo boats became a vital 
question, owing to the fact that at the temperatures cor- 
responding to the high pressures carried copper and brass, 
wkich have hitherto been employed, lose a large percentage 
of their strength. The difficulty has been overcome by the 
advent of seamless drawn-steel pipes, with wrought-steel 
flanges welded on, which are now made with a degree of 
perfection which makes them absolutely safe. 

When it was decided that the new battleships should 
be practically identical with the Alabama class, and that no 
hull changes would be made, it became necessary to find 
a way to reduce the thickness of the shell plates for cylin- 
drical boilers. The shell plates in the Alabama class had 
reached ‘a thickness of 1 7-16 in. in material having a tensile 
strength of over 65,000 lb., an elastic limit of over 35,000 Ib., 
and an elongation of 24 per cent in 8 in. for longitudinal 
specimens. 

Experiments have been made on a higher-carbon steel, 
oil tempered and annealed, which has a tensile strength of 
over 74,000 lIb., an elastic limit of over 40,000 lb., an 
elongation of over 21 per cent, with a very satisfactory 
transverse cold-bending test. Such material allowed a 
slight reduction in thickness from that used in battleships 
Nos. 7, 8, and 9, although the boilers were designed for the 
bigher pressure called for in the new battleships. 

Nickel-steel bracing and rivets have been made and 
tested and found suitable for use with this high-grade 
boiler plate, easily reaching the requirements of the 

Bureau’s specifications. 

Experiments have also been made with nickel steel to fill 
the high-grade shell-plate requirements, which gave very 
satisfactory physical results, with a surface much better 
than that furnished for the boilers of the Chicago but not 
as perfect as that of the high-grade carbon steel just de- 
scribed. 

WATER-TUBE BOILERS. 

In the report of last year attention was called to the 
increase in the use of water-tube boilers in all foreign 
navies, and the opinion was expressed that sufficient ex- 
perience had been gained at home and abroad to warrant 
us in using boilers of this type in all our ships. The oc- 
currences of the past year have served to strengthen this 
opinion, and the Bureau, in its recent designs, except for 
the battleships, has specified this type of boiler. 

In view of the fact that the Department’s plans for the 
battleships, for which contracts have just been awarded 
on the builders’ plans, provided for cylindrical boilers, an 
explanation of this seeming inconsistency is necessary. The 
Bureau did prepare a design for water-tube boilers, which it 
was very anxious to use, but it having been decided that the 
new ships should be practically identical with the Alabama 
class, and that no hull changes would be permitted, it was 
impossible to use water-tube boilers, as that would have 
involved a readjustment of hull weights to maintain the 
trim. 

Notwithstanding this temporary postponement of the 
Bureau’s desire that all of our new ships should have water- 
tube boilers, the Department’s circular of July 26, which 
encouraged builders to submit designs for higher speeds and 
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greater endurance, made it almost certain that water-tube 
boilers would be secured, inasmuch as ‘the easiest way to 
accomplish the desired results was by their use, and there 
was little doubt that the builders when given the oppor- 
tunity, would submit plans for vessels as good as any in 
foreign navies. The bids which were received on September 
1 justified this idea, and although all the bidders did not 
offer water-tube boilers it is practically certain that they 
will all install them, so that the Bureau has the satisfac- 
tion of knowing that the machinery of these new vessels 
will be in all respects of the most modern type, as its own 
specifications would have called for had not the limitations 
imnposed by conditions external to the machinery prevented 
this desirable consummation. 

At the present day it would be hard to find any design 
for the machinery of new naval vessels which does not in- 
clude water-tube boilers. The demands upon the engineer 
for great power on small weight, in order to secure the 
higher speeds for all classes of vessels which are now com- 
mon, have practically ruled out the cylindrical boiler on 
account of its weight and inability to carry ‘the high pres- 
sure needed. 
The tactical importance of water-tube boilers is also be- 

ing thoroughly recognized, and has been emphasized by the 
conditions which obtained in our blockade of Santiago and 
the great victory of July 3. It was necessary for a long 
period that our ships should be ready to develop maximum 
pewer at a few minutes’ notice, and with cylindrical boilers 
this involved keeping all the boilers under steam, with 
heavily banked fires and an attendant large consumption of 
coal. Water-tube boilers of the proper kind, which admit 
of the rapid raising of steam with safety, remove this dif- 
ficulty and give the commanding officer a more complete 
control of his fighting machine. 
Without going at length into the other advantages of 

water-tube boilers, which have been published repeatedly, 
it may be added that one very striking advantage for war 
vessels -is that the boilers can be replaced or practically 
rebuilt without disturbing the decks, all parts being smal! 
enough to pass through permanent openings. This was the 
case in the Monterey, as mentioned last year, and it was 
strikingly illustrated this summer in the case of the Ca- 
nonicus, Manhattan, and Mahopac, where it would have 
been impossible to use any but water-tube boilers without 
practically rebuilding portions of the hull. 

It may be remarked in this connection that all of our 
torpedo boats have water-tube boilers, and that four large 
vessels, including the Monterey, are so fitted. The Chicago 
and Atlanta also have boilers of this type now installed. 
The four new monitors, for which bids will be opened 
October 1, will have water-tube boilers, and the sixteen 
destroyers have them as a matter of course. 

It thus appears that, as the new battleships to be built on 
the contractors’ plans will also use water-tube boilers, we 
bave definitely taken the step of adopting them for all our 
vessels, and there can be little doubt that the efficiency of 
the fleet will be increased in consequence. 

In water-tube boilers with straight tubes there has been 
thus far an unfortunate lack of economy under forced 
draft, but this will be avoided in the boilers for the new 
ships by using heaters for the air, which absorb the heat 
from the gases of combustion before they reach the smoke 
pipe and thus enable a good economy to be secured. 

As was stated in the last report, there is not yet any 
agreement as to the particular make of water-tube boilers 
which is best from every point of view. Nearly every one 
bas some feature of excellence, and it can not be doubted 
that, with the great amount of the best engineering talent 
which is working at the problem, one or more forms will 
finally be developed which will be thoroughly satisfactory 
in every way. 

LIQUID FUEL. 

When the last report was written, it was anticipated that 
apparatus for burning fuel oil would have been installed on 
one of the cruising torpedo boats, and experience have been: 
acquired as to the working of this fue] in regular service. 
The war of course prevented anything of an experimental 
nature being attempted on vessels of this class, of which 
we had so few. It is intended after the resumption of 
normal peace conditions to carry out the original pro- 
gramme. 

Last winter, however, through the cordial co-operation 
of the Chief of Ordnance, who is always eager to further 
any effort looking to an increased efficiency of the fleet, the 
Bureau was given control of the small torpedo boat Stiletto 
(belonging to the Ordnance Bureau) for several months. 
The fuel-oil apparatus of the Consolidated Gas Fuel Com- 
pany, which had given excellent results in tests on a small 
Scale, was installed under the personal direction of P. A. 
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Engineer John C. Leonard, to whose zeal and painstaking 
work the Bureau adverts with much pleasure. 
The object of the experiments was not the determination 

of economic values, as that side of the question has been 
so thoroughly investigated as to make further work of the 
same kind unnecessary, but to give the system a thorough 
trial under the conditions of regular daily service in order 
to ascertain its cost, reliability, and general satisfaction. 

The tests under Mr. Leonard’s personal direction were 
very satisfactory, and, although the economy was not high 
relatively to coal (due to the machinery which was not 
specially adapted to the use of oil fuel), the economy was 
the same as had been anticipated from previous experience. 
The personnel of the boat were carefully trained during 
these tests, and as long as they were under Mr. Leonard’s 
supervision were efficient and seemed enthusiastic about the 
new fuel. 
When the Stiletto returned to Newport the machinery 

was entirely in the hands of the crew without any engineer- 
ing supervision, the boat being employed in her ordinary 

duties as a tender, and the system did not give satisfaction. 
The commandant of the torpedo station reported that the 
use of fuel oil was more expensive and less satisfactory 
than coal, and that the boat was less available and less 
reliable than when using coal. In view of these statements, 
and his recommendation that the fuel-oil apparatus be re- 
moved, it has been taken out. It would seem, however, 
that as the apparatus gave satisfaction when under the 
control of a competent officer, its failure in regular service 
was not due to any inherent defect, but to indifference or 
lack of acquaintance on the part of those who handled it. 
The Bureau does not consider this experience as at all un- 
favorable to the use of oil fuel, but anticipates that its use 
on a larger scale, under the direction of a skilled engineer, 

will prove entirely satisfactory. 
There is no difficulty along our eastern coast of procuring 

a suitable fuel oil in any desired quantity, and representa- 
tives of firms handling this oil have repeatedly stated 
that in considerable quantities it can be furnished at a very 
moderate price. The small amount needed for the Stiletto 

at Newport made the price so high (over 7 cents per gallon) © 
as to preclude its general adoption if such figures were to 
be the rule. The oil used had a specific gravity from 0.85 
to 0.87, a flash point of about 315° F., and a burning point 
of about 350° F. A bunch of burning waste when plunged 
into it was extinguished. There can therefore be no doubt 
of its perfect safety for use on board ship. 

THE STEAM TURBINE ON SHIPBOARD. 

Although the stéam turbine itself was not a novelty in 
engineering, owing to the skill with which its economy has 
been developed in England by the Hon. C. A. Parsons, its 
application last year to propulsion on the Turbinia was a 
decidedly novel step, and the remarkable performance of 
that little vessel of 42 tons displacement in attaining a 
speed of over 31 knots attracted the attention of engineers 
and shipbuilders all over ‘the world. While an analysis of 
the published data of the performance would seem to in- 

dicate that the boiler was the most remarkable part of the 
machinery rather than the turbine, the fact remains that 
the combination enabled a phenomenal record to be made. 
During the year the Bureau has been carefully investigat- 

ing the adaptation of the steam ‘turbine to naval uses, has 
kept informed of the progress of experiment on two forms 
of turbine being developed in this country, and has been 
represented at an economy test of one of them. 
Thus far the results obtained do not warrant an expecta- 

tion of the substitution of the turbine for the steam engine 
in the near future, but the experimental work will be care- 
fully watched so that, should further experience warrant the 
use of the turbine, the service may be among the first to 

profit thereby. 
REPAIR SHIPS. 

In the last report attention was called to the desirability 
of making such preparation for the fitting out of a vessel 
which would be a floating repair shop as would enable the 
work to be done with great rapidity when needed. Im- 
mediately on the prospect of war the Bureau again brought 
this matter to the Department’s attention, and the steamer 
Chatham was bought, set aside for this purpose, and _re- 
named the Vulcan. The work of installing the machine 
tools, cupola, forges, brass furnaces, etc., was pushed as 
rapidly as possible, as well as the selection of a force of 
skilled mechanics. A large and well-chosen outfit of stores 
of all kinds was also supplied. 

The Vulean arrived at Guantanamo on July 1 and proved 
of the highest usefulness to the fleet, making repairs of all 
kinds and furnishing much needed supplies to every de- 
partment of nearly every vessel. At the end of August 
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reports from her officers showed that she had made repairs 
to 68 ships and had supplied stores to 60. Her unusual 
facilities and the large number of skilled mechanics on 
board (about 100) enabled her to make repairs of all kinds, 
including hull work, gun mounts, dynamos, main steam 
pipes, main piston rods (for small ships), brass castings 
without end, and iron castings in considerable quantity. 
This last is specially interesting as the first instance of 
the successful use of a cupola on shipboard. 

DISTILLING SHIPS. 

It was evident, as soon as the fleet began to assemble in 
the Gulf, that some provision must be made for supplying 
an adequate amount of fresh water for the boilers, as the 
distilling plant ordinarily supplied is not large enough to 
furnish all the fresh water needed for personal uses, and 
also the extra feed consequent upon losses in the machinery, 
except at very moderate powers. 

A multiple-effect evaporating machine, which would be 
able to give more than 20 lb. of fresh water for each 
pound of coal burned in the boilers evidently was the 
most satisfactory solution of the question, as a vessel with 
such apparatus of 50,000 or 60,000 gal. per diem, and 
with a coal capacity of, say, 3,000 tons, would be able to 
supply an amount of water equal to a large number of tank 
vessels. Such a vessel would also have the further advan- 
tage that she is practically a collier at the same time, and 
should there be an emergency in which coal was needed 
more than water, her large supply of coal could be utilized 
for that purpose instead of distilling. 

As already stated elsewhere in the report, two vessels 
were purchased and converted into distilling ships. Un- 
fortunately, the work of constructing the apparatus re- 
quired so much time that neither was completed before the 
active operations of the war had closed. The Iris, however, 
was finished in time to enable her to be sent to Montauk 
Point to supply fresh water for drinking purposes to the 
army there. 

A distilling ship is, in my opinion, of vital necessity for 
a fleet of any size, and I believe that we should keep these 
two vessels in good order at all times, and ready to be sent 
with a fleet whenever it is likely to operate where it 
would be difficult or expensive to obtain fresh water. The 
cost of supplying water with these economical plants is 
very much less than water can be purchased anywhere, 
except under ‘the most favorable circumstances, such as 
at large cities, where vessels can go alongside the dock 
and take water from the city mains. 

While it was of first importance that cylindrical boilers 
should have fresh feed only, it is absolutely necessary to 
the integrity of water-tube boilers that they should never 
use anything else, and this involves an increase in the 
evaporating plants of ships fitted with these modern boilers, 
and provision for the storage of an adequate amount of 
fresh water in the double bottoms or in special tanks. The 
universal practice of the merchant marine in using the 
double bottoms for this purpose shows its entire practica- 
bility. The distilling ships will furnish this extra water 
in the most economical way. 

THE OREGON’S PERFORMANCE. 

It has not been customary to call special attention to 
the performance of vessels except on trials under maximum 
conditions, but that of the Oregon is so exceptional that it 
deserves a record in the Bureau’s report. She was ordered 
from the Pacific to the Gulf before war was declared, and, 
leaving Puget Sound March 6, arrived at Jupiter Inlet May 
24, having steamed over 14,500 miles, stopping only for coal, 
and not being delayed an hour anywhere through any de- 
rangements of the machinery. Stopping at Key West only 
long enough to coal, she took her place in the blockading 
fleet at Santiago, and was always ready for service. 

This alone would have given her an unparalleled record 
among battleships, but the culmination came in the great 
battle of July 3, when she surpassed herself. Always ready 
for action, she speedily attained a power greater than that 
developed on the trial, giving a speed (on account of greater 
displacement and foul bottom) only slightly less than then 
attained, and distancing all the other ships except the 
Brooklyn, which is 5 knots faster. Every official report 
comments on her wonderful speed, and it is generally be- 
lieved that but for it one at least, and possibly two, of the 
Spanish ships might have escaped. 

The whole record is thus one which has never been 
equaled in the history of navies, and it will remain the 
standard for a long time to come. The credit is due, in the 
first place, to the builders—the Union Iron Works—for the 
excellence of the material and workmanship, but still more, 
and chiefly, to the engineer department of the vessel. The 
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Bureau, therefore, takes great pleasure in commending to 
the Department’s more favorable consideration Chief En- 
gineer Robert W. Milligan, the executive head of the de- 
partment, for his professional ability, untiring care and 
excellent discipline; and also the junior engineer officers 
and the enlisted men, whose faithfulness and zeal, under 
most trying circumstances, have enabled our Navy to add 
this to the other brilliant records of our vessels. 

VOLUNTEER OFFICERS. 

The wholly inadequate number of regular officers of the 
Engineer Corps for the proper performance of duty even 
in times of peace made it necessary to have recourse to a 
large number of volunteers when the war brought about 
such a great increase in the number of vessels. Every 
regular officer on the active list who could be sent to sea 
without positive injury to the public interests was so de- 
tailed, their places on shore being filled chiefly by retired 
officers and in some cases by volunteers. It was felt to be 
of vital importance that our fighting ships should have the 
regular officers, whose thorough discipline and training 
would insure maximum results from the machinery, and 
this policy was systematically followed. In many cases, 
however, the complements had to be brought up to the 
proper numbers by volunteers. 

In the appointment of these volunteer officers every effort 
was made to get men who had a thorough mechanical edu- 
cation and, where practicable, sea experience. In the case 
f the younger men this last was of course usually impos- 

sible, but they had usually received a superior technical 
education and were familiar with machinery. While it can 
rot be claimed that all were of immediate value, the reports 
received show that, as a rule, they entered upon their duties 
with great zeal and did everything possible to make them- 
selves useful and efficient officers. A large percentage are 
splendid types of highly educated and patriotic Americans 
of whom the country may justly be proud, and who reflect 
credit upon our great technical schools from which they 
graduated. 

A respectable portion of the volunteers are men of the 
first rank in mechanical engineering, including a number 
of ex-officers of the Engineer Corps, who gave their services 
at a great personal sacrifice. To one of them the success of 
the repair ship Vulcan is largely due. 
The present outlook is for a great increase in the demand 

for officers at sea, due to the increased number of ships 
that must be kept in commission to look after our oversea 
possessions, gained during the war. The number of regular 
officers will not begin to be adequate for this duty, and even 
the personnel bill, which was planned for a smaller navy, 
will not furnish enough officers. I would therefore earnestly 
recommend that the process of mustering out the volunteers 
be carried on so as not to reduce the aggregate number of 
regular and volunteer officers below that necessary for the 
proper performance of duty. 

It is possible, and even probable, that the number of 
ships which must be kept in commission for some time 
will be such as to make it absolutely necessary to have 
more officers than can be furnished under the provisions of 
the personnel bill for some years. 

In that case it may become necessary to arrange for the 
appointment of some of the volunteers in the regular ser- 
vice. This will be somewhat difficult to arrange without 
interfering with the personnel bill, whose importance is so 
great that I would hesitate to make any recommendation 
that might even seem to conflict. That bill assumes such 
a training for the young men that they can perform inter- 
changeably duty on deck or in the engine room. This the 
volunteer engineers can not, of course, do at once. It seems 
to me possible, however, that by a careful selection of 
those who are young enough and have shown an aptitude 
for the service we may secure the necessary numbers for 
the immediate performance of duty with the machinery and 
require them, after a reasonable term, to qualify them- 
selves for the additional duties which they will have to 
perform under the provisions of the personnel bill. 

LESSONS FROM THE WAR. 

The war which has just ended is the first in which modern 
steam vessels have had a thorough trial, and it seems per- 
tinent to note the more important lessons which have been 
taught by our experience. With respect to the machinery 
they are as follows: : 

1. The vital necessity of giving the machinery of vessels 
in reserve frequent tests under working conditions, so that 
any defects may be discovered and remedied before war 
makes the vessels’ services absolutely necessary. In several 
cases defects were found after the ships had begun cruising, 
and the repairs laid them up in the midst of the war. 
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2. The great importance of having all our nayal stations 
in positions of strategic value properly fitted out for re- 
pairs and with adequate supplies of nonperishable stores. 
It had been evident for a long time that Key West was 
such a station, but money to put in a proper repair plant 
was refused year after year, and only granted after the 
war had begun. The movement of large bodies of troops 
and their equipment almost blocked the railroads, so that 
after the beginning of the war it was almost impossible to 
secure the forwarding of tools and supplies. 

8. That fresh water for the boilers is almost as important 
as coal, and that a distilling ship is an important adjunct 
of a fleet operating away from a base where fresh water 
can be readily obtained. 

4. That every fleet needs a repair ship to enable the effi- 
ciency to be maintained without leaving the station, and 
consequently that several ships should be equipped so as to 
be ready to proceed with the fleet. 

5. The great tactical advantages of water-tube boilers. 
This has already been discussed under another head. 

6. That if more than two main engines are to be fitted, 
there should be three engines driving three screws, and not 
two main engines on each shaft. The New York and Brook- 
lyn had their forward engines disconnected at the time of 
the Santiago fight, and could not stop to couple them. An 
accident to any part of either of the two engines on a shaft 
disables half the power; in the three-screw ship this fric- 
tion would be only a third. 

7. That there should be frequent trials under forced draft 
to keep the blowers in good condition and to make the men 
thoroughly familiar with working under maximum condi- 
tions. It appears that some of the ships had never been 
under forced draft since their contract trials until the day 
of the fight at Santiago. 

8. That the location of the forced-draft blowers is a mat- 
ter of serious importance. In some of our ships, owing to 
the demands for all other space for other purposes, the 
blowers had to be located in corners or pockets in the fire 
rooms, where it was impossible for human beings to give 
them proper attention, owing to the intense heat due to lack 
of ventilation. In the Cincinnati temperatures as high as 
205° Fahrenheit were noted, and the commanding officer, 
when investigating the case personally, had his face 
scorched. The blowers must be placed where they can be 
properly cared for, or else they are useless, and might as 
well be left on shore. 

9. That the personnel of the service should be adequate 
to the material. It has been notorious for some time that 
this is not the case, and we are providing for a decided 
increase in the number of vessels with no increase what- 
ever in the personnel. By sending nearly every officer on 
the active list to sea, we were able to give the regular 
ships a fair complement of trained ones, but had the war 
been of long duration we should have been greatly em- 
barrassed to supply the places of those disabled or invalided. 
Volunteers, however well trained in other ways, cannot en- 
tlrely replace the regular officer. 

10. That we must make provision for training the enlisted 
men of the Engineer Department. Many of the colliers and 
auxiliary vessels had to start out with absolutely green 
crews, many of whom, so far from having the “sea habit,” 
had never been on a vessel of any kind. This must be 
remedied if our enlarged fleet is to be efficient. 

11. That our fighting ships must have the highest prac- 
ticable speed. There is an almost general agreement on this 
Point among naval men, but if any had thought that this 
did not apply to battleships the fight at Santiago must have 
shown that the highest practicable speed is just as impor- 
tant in these vessels. It is very gratifying, therefore, that 
cur three new battleships are to have speeds of at least 
18 knots, which is now recognized as the standard. 

Receivers haye been appointed for the Atlantic 
Transportation Co., which not long ago chartered a 
number of steamers and barges on the Great Lakes 
of the capacity of nearly 70,000 net tons, for the pur- 
pose of using them in the Atlantic coast trade, carry- 
ing coal chiefly. A complete list of these vessels 
and their owners was published in our November, 
1898, issue. Since the charters were written it is 
stated the company has lost large sums of money 
through wrecks, though a considerable amount of 
insurance was carried on the vessels. In the applica- 
tion for receiver, which is made by Walter S. Besse 
on behalf of the company, the assets are stated to 
consist of twenty-four vessels. valued at $900,000 
and worth at forced sale $613,000, and other sundry 
interests valued at $2,000; liabilities as figured out 
by Treasurer H. A. Harvey foot up about $1,000.000. 
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CORRESPONDENCE DEPARTMENT. 

; [Communications on matters of interest to marine engineers, for 
insertion in the correspondence department, are solicited, These, 
wherever possible, should be supplemented by rough sketches or 
drawings, which will be reproduced, if necessary to illustrate the 
subject, without cost to the writer. 

Full names and addresses should be given, but publication of 
these will be withheld where requested. 

We do not assume responsibility for the opinions expressed by 
correspondents. | 

Efficiency of Naval Engineers. 

Editor of Marine Engineering: 
A correspondent who signs himself ‘‘Member So- 

ciety S. N. A. & M. EB.” calls attention in a letter pub- 
lished in your January number to a statement credited 
to Lieutenant-Commander W. W. Kimball, U. S. N., 
and made at the late meeting of the Society of Naval 
Architects and Marine Engineers, as follows: “We 
have only very few officers of the Engineer Corps 
competent to give experienced trained engineering 
supervision to those repairs on torpedo boats which 
are attempted at Navy Yards, and those few are rarely 
available for the duty.” 
Your correspondent very properly states that if this 

be true the Engineer Corps should be “investigated” 
in the interest of the country at large. But it is, of 
course, not true, nor do I believe that Mr. Kimball 
ever intended to convey the idea which the words 
would seem to do. 
The paper on “‘Torpedo Boat Utility,” by Lieutenant- 

Commander Kimball, was, of course, read by me, and 
I noticed the phraseology referred to, but believed 
that what was intended to be said was that ‘““We have 
only very few officers of the Engineer Corps to give 
the engineering Supervision to repairs, etc., and those 
few are rarely available for duty.” This construction 
brings us face to face with the fact that the Engineer 
Corps is much too small, and that of this small num- 
ber there are very few who can be spared for duty on 
torpedo boats, or for shore duty at Navy Yards. This 
is undoubtedly the idea that Mr. Kimball meant to 
convey, as he is an officer of too much experience to 
believe for a moment that the Engineer Officers who 
superintend so successfully the repairs on our battle- 
ships and cruisers of various types are not competent 
to do similar work on torpedo boat machinery. 
While in command of the torpedo flotilla Lieutenant- 

Commander Kimball appreciated the services of the 
one Engineer Officer who could be spared for duty 
with that little fleet, and he expressed his appreciation 
on more than one occasion. 

GEORGE W. MELVILLE, 
Iingineer-in-Chief, U. S. N. 

An Effective Quick Repair. 

An experience I had with makeshift repairs not long 
ago would, I believe, interest many of your readers. 
At the time I was third engineer in the frozen mutton 
trade, sailing from River Plate to Liverpool. We fin- 
ished loading our cargo, having about 18,000 frozen 
careases in the after part of the ship and a general 
eargo forward. Our refrigerating plant consisted of a 
large cold-air machine driven by a compound steam 
engine supplied with steam from the main boilers. I 
might add that the machine did its work well, though 
it was rather extravagant on steam. 
We left Buenos Ayres and all went on smoothly un- 

til the tropics were reached, when one morning we 
heard a crash in the machine room and a stoppage of 
the engine. On examination we discovered that the 
crosshead of the compression engine had broken, as 
seen in sketch A. The crosshead and piston rod for 
this engine were in a solid forging, and we had no 
spare one on board. Our machine was completely dis- 
abled, as we were dependent on the compression, cool- 
ing and expansion of air for the efficiency of the ma- 
chine. As we were in the tropics, whatever was done 
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should be done quickly, as ine temperature in the 
chambers would soon increase. 
crosshead bolt, flattened the head end like a palm stay 
and pinned it with two set screws to the piston rod, 
then coupled up and started the machine. 

This arrangement only lasted about a quarter of an 
hour, when the bolt carried away. at the weakened 
end. Then we decided to make a plate to pass over 
the piston rod, with holes for the crosshead bolts. We 
had no suitable iron in our engine room stores, so we 
took a small kedge anchor from the deck, cut a piece 
from it which was 4 in. thick, heated in the furnace 
fires and swaged it down to 2 8-4 in., which was the 
clearance between the heads of the bolts and the pack- 
ing gland on the cylinder. Then we drilled three holes 
and had a plate something like the sketch B. Our 
spare crosshead bolts were too short, but fortunately 
we had spare ones belonging to the crank pin, which 
suited nicely. Making this plate with imperfect 
ship tools and- drilling tackle took us considerable 
time and labor. Well, we put it in position, coupled all 
up and started the machine, which worked splendidly, 
and we thought our trouble for that voyage was 
ended. 
About a week afterwards. when nearing the Cape 

De Verde Islands, we heard a peculiar knocking noise 
in the main engines, while the main bearing brass 
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next the after crank commenced to heat. We slowed 
down, and then noticed the webs of the after crank 
springing at each revolution. As the weather was 
squally, the skipper ran the ship under the lee of one 
of the islands and anchored for shelter. We then 
took off the crank pin brasses and found the crank 
pin broken just inside the web (Figure C). This was 
our after crank, but we had a spare crank that had 
been the forward one, and that had been taken out on 
account of a flaw. The chief engineer decided to fit it 
in the place of the broken one. We rigged blocks and 
tackle and let the tackle fall through the engine room 
skylight to a steam cargo winch on deck, disconnected 
the couplings and took out the shaft, which came 
away in halves. We then put in tne spare one, and 
the couplings and bolts did not require very much 
fitting. We had to cut keyseats for the eccentric 
sheaves, which fitted on over the outside of the coup- 
lings. We did not waste much time fitting or scraping 
the crank pin and main bearing brasses, as we knew 
the shaft would require to be taken out again in Liver- 
pool, so we coupled all up and proceeded under easy 
steam, after being stopped only twenty-eight hours— 
not a bad performance for four engineers and the 
ship’s staff. 
No other incident of note took place and we arrived 

in Liverpool safely and with our frozen meat in first 
class condition. W. T. SmirH. 

So we took a spare 
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EDUCATIONAL DEPARTMENT. 

CALCULATIONS FOR ENGINEERS—AN AID TO 
CANDIDATES FOR MARINE PAPERS—V. 

BY DR. WILLIAM FREDERICK DURAND. 

§ 10. PROBLEMS IN GEOMETRY. 

[1] Ar any Point In a Srraicut Line To ERECT a 
PERPENDICULAR. Let O be the given point in the line 
IM. Then take points A and B such that 0 A =O B. 
From A and B as centers with any radius greater than 
A O or O B, describe arcs cutting in C or D, or if pre- 

ferred, in both. Then a line drawn through O and C or 

O and D will be perpendicular to L M, or the line may 
be drawn through CO and D, in which ease it will also 
contain O and be perpendicular to L M as before. 

[2] To Bisrect* THE DistaNcE BETWEEN Two Pornts. 
In the figure for problem [1] let A and B be the two 
points. Then finding points © and D as in [1] it is 
plain that the point O determined by drawing the line 
C D will be the middle point between A and B as de- 
sired, and that we shall have A 0 =O B. 

[8] To Find THE CENTER FROM WHICH TO PASS AN 
Arc OF GIVEN Rapius THRouGH Two GIvEN Points. 
In the figure for problem [1] let A and B be the points. 
Then finding points C and D as in [1] it is plain that 
any point in the indefinite line # F will be at equal dis- 
tances from A and B. Hence from A or B as a center 
and with the given radius cut the line # F in a point 
as G. This is the point desired. 

[4] To DivipE a Given Line Into a GivEN NUMBER 
oF Equat Parts. Let A B denote the given line. 
Draw a line A D at a small angle with 4 B, and lay off 
upon it as many equal divisions A a, a b, b ¢, ete., as it 
is desired A B shall have. These divisions should be 

so chosen that the total length A f shall not widely 
differ from A B. Next draw Bf and then a series of 
parallels through the points of division a b ¢, ete. 
The points where these lines cut A B will give the 

points of division desired. 

[5] To Construct A TRIANGLE, HAVING GIVEN THE 

THREE SipEs. Let a 6 c denote the sides. Take A B 
=c, and from A as center and witu 0 as radius, de- 
seribe an are D EH, and similarly from B as center and 
with a as radius describe an are F G. These ares in- 
tersect in CO, and drawing lines A C, B C, the construc- 
tion is completed. 

10To bisect a geometrical quantity means to divide it into two 
equal parts. 
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[6] To Bisrct a GIvEN ARC OR ANGLE. Let A O B 
denote the angle and A B the are. From A and B as 
centers, and with any radius greater than half the dis- 
tance between A and B, describe ares intersecting in 

a 

b 

c ard 
C 

@ lo} 

B Cc A 
Figure for [5]. 

A 

—-—* 
O [D) ©C 

B 
Figure for [6]. 

some point C. Then a line O C will bisect the angle 
A O B and at D the arc A B. 

[7] To Construct A MEAN PROPORTIONAL™ BE- 
TWEEN Two GIVEN Lines. Let the two lines be de- 
noted by A B and B C placed end to end. Find the 

D E 

A O 8B Cc 

center O of the line A C, and describe a semi-circle 
ADC. Draw BE atrightanglestoA C. Then BE is 
the desired mean proportional, and we have: 

Al 183 8 1319} 88 JJ 8 136 
Op, ALJ 3613 (Of = J2) 19/2 

[8] To Construct A FourtTH PROPORTIONAL” TO 
THREE GIVEN Lines. Let a, 6 and ¢ denote the three 
lines, and let the desired proportion be: 

@SMH28e8 ) 

Lay off AB=aandAQO=b. Then at any convenient 

Mme iGaaT & 

angle lay off A K and take on it a distance 4 D=c. 
Draw B D and C E parallel to it. Then A E is the 
fourth term desired and we have: 

11 A mean proportional between two quantities a and c is a third 
quantity 6, such that we have: 

(8D BBW Ee 

Or W=GEe 

or, b= ¥V ac. 
See also § 6, 

2 A fourth proportional to three quantities a, b and c is a quan- 
tity d, such that we have: 

1310 88 © 8 Gh 

See also § 6, 
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Alias BAG 88 ZliO 8 Ala 
Onn ASB aAGHu— sr AGO aAel) 

A GivEN ReEcTANGLE. Find by problem [7] a mean 
proportional between the sides of the rectangle, and 
this will be the side of the square desired. 

[10] To Construct a SQUARE EQUIVALENT IN AREA 
TO A GIVEN TRIANGLE. Find by problem [7] a mean 
proportional between the base and half the altitude, 
or between the altitude and half the base. This will 
be the side of the square desired. ° 

[11] Wtrs OnE GIvEeN SipE, To Construct A REcT- 
ANGLE EQUIVALENT TO A SQuaRE. This is equivalent in 
[7] to having given A B the side of the rectangle and 
B E the side of the square. Find by the use of the 
construction in problem [1] a point 0 on A B at equal 
distances from A and £# and describe the semi-circle. 
Then B C is the remaining side of the rectangle de- 
sired. 

[12] To Finp THE LENGTH oF AN ARC OF A CURVE. 
Let A C D B denote the given are. Take a strip of 
paper M WN and lay with an edge just neatly tangent 
to the curve at A. Mark a point opposite A on the 
strip. Then, placing the pencil at ©, a point near 
where the curve and edge of the paper strip begin to 
separate, bear down slightly and rotate the paper 
about C as a center until the edge is tangent at CO or at 
a point slightly beyond. Then move the pencil along 

to a point D and repeat, and so on until the strip has 
been thus rolled along the curve to B. The distance 
A, B,, between the point opposite A on the strip at the 
start and the point opposite B at the end, will be very 
close to the true length of the curve. A little experi- 
ence will enable the points C D, etc., to be so chosen 
that the error will be very small. A check on the 
operation may be obtained by reversing the process 
and rolling the paper back to the original position. If 
the point A, comes again to A it shows that no slip has 
been made, and the distance found may be accepted 
as a very close approximation to the true length of the 
curve. 

[13] To Construct AN Eviipse. Of the many meth- 

ods available, three are given as follows: 
(1) Given the two diameters A Band C D. Take BQ 

equal to O C and then O P equal to 0 Q. Draw P Q 
and find R its middle point. Then take Q H=@Q R, 
and O LE, O F, 0 G all equal to O H. 'Yhrough EH, F,G and 

H draw lines as shown. Then with H and F as cen- 
ters draw ares J K and J L, and with £ and G@ as cen- 
ters draw ares L K andI J. These arcs join and com- 
plete the contour. While this method is only approxi- 
mate and does not give a true ellipse, it answers very 
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well for draughting purposes where a good representa- 
tion of an ellipse is all that is desired. 

(2) This method is exact in principle. Given A B and 
C D the two diameters as before. With C as center 
and C Q=O B as a radius find the points P and Q. 
These are the foci of the ellipse. Then adjust a thread 

PC Q secured at P and Q and of a length PC +0 Q= 
A B. A pencil carried around in toe bight of this 
thread, as shown in different positions at EH, C, F, will 
trace the ellipse desired. 

(3) This method is also exact in principle. Given 
A B and C D the two diameters as before. Prepare a 
strip of cardboard or thin wood with holes P, B, Q, 
such that P B equals one-half A B and B Q equals one- 

half C D. Then move the trammel, as it is called, so 
that P shall always move on the vertical Y Y and Q on 
the horizontal X X. The point B will then trace the 
ellipse desired. If points on the curve only are re- 
quired, this method is readily applied. 

[14] To Construct ANY REGULAR POLYGON (ap- 
proximate). Let A B denote any diameter of the given 
circle within which the polygon is to be inscribed. Di- 
vide A B into as many parts as there are to be sides in 
the polygon. From A and B as centers and radius A B 

describe arcs cutting in D. From D draw a line D C 
through the second of the points of division. Then BC 
is the side of the polygon desired within a very small 
error. For the square or hexagon, or when the num- 
ber of sides is 4 or 6, the construction is exact. 

[15] To DEVELOP THE ‘SURFACE OF A CYLINDER. Let 
A BC D denote the cylinder. Lay off E F = the alti- 

a DE H 
tude and EF H — the circumference of the base, — 7X 
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diam. = 3.1416 x diam. Then the rectangle EH F @ H 
represents the development desired. 

[16] To DrvELoP THE SURFACE OF A CYLINDER 
Wuicu 1s INTERSECTED BY ANOTHER CYLINDER, THE 
Two AXES BEING IN THE SAME PLANE. The developed 
form of the intersection is the only part requiring spe- 
cial notice. Let A B C0 D and HE F G H denote the two 
cylinders. Draw any line 7 7 to denote the element 
C D in the developed surface of A B OC D. Then the 
developed form of the intersection will be symmetrical 
about 7 7. Project H and H over to H, and H, for the 
top and bottom of the curye. Then to find intermedi- 
ate points proceed as follows: Draw any line K L 
parallel to P Q and denoting the edge of a plane per- 

B 

Ji 

pendicular to the paper and cutting both cylinders. 

With F G@ as diameter describe the circle as shown, 
and with A D the semicircle WD X. Make N O equal 
to M K and project over to S, thence up to & and then 
over to 7 T. Rectify the are S D and lay off Z U and 
Z V each equal to the rectified length. Then will U and 
V be points on the curve as desired. Other points may 
be found in a similar manner and the curve filled in. 
To develop the form of the smaller cylinder proceed 

as follows: 
Let C, D, denote in the development the element 

HG. Lay off A, B, = the circumference J F J G. Then 
for the points corresponding to the plane K L take 
C, E, = C, Ff, = the developed length of the arc G M. 
Then draw E£, H, and F, J, each equal to K R. This 
will give two points, H, and J,, and others may be 
found similarly and the curve filled in as shown. 

[17] To DrvELoP THE SURFACE OF A ConzE. Let 

A BC denote the cone. With A C as radius and any 
point O as center, draw an are, G H K. Then lay off 

G 

L 

2 6 

D EN 

A F BK J 

the circumference of the base A B (=3.1416 x A B) on 
a strip of paper, and lay off this length by rolling as 
in problem [12] from @ to some point J. Then the are 
G H I = circumference of A B and the sector 0 G H J 
is the developed surface of the cone. 

[18] To DrvELor THE SURFACE OF THE E'RUSTUM OF 
A Cone. Referring to the figure for the preceding 
problem, let A D EF B denote the frustum. Then, 
after proceeding as in that problem, take next a radius 
O L =C D and describe the are LZ M N. Then will the 
sector O L M WN represent the surface of the cone 
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CO D B, while the strip L G H J N M represents that of 
the frustum. 

[19] To DrvELoPp THE SEGMENTS OF AN ELBow. 
These are portions of a cylinder cut by oblique planes. 
Let A B CO D denote such a segment. Draw L M per- 
pendicular to A B and construct the semicircle L Q M. 
I, M may be placed at any convenient location between 
BOandA D. In the development let # F denote the 
element A B. Make F O = BL and then draw perpen- 
dicular to H F lines N O = O P = each to the semi- 
circumference L Q M. Then NW P is the development of 

LM. Lay off NG =PI=M Cas shown. Then to 
find intermediate points on G@ F IJ take any line R S 
and project down to 7. Develop L Q T and lay off the 
developed length at O U and O VY. Then make V Y 
and U W each equal to K R, and Y and W will be points 
on the development of B @. Other points may be 
found in a similar manner and the development of 
B C completed as shown by the curve G@ F J. The 
curve H E J as the development of A D may be found 
in an entirely similar manner, and if B C and A D are 
equally inclined to the elements of the eylinder, 1 M 
will naturally be located midway between them, and 
H EJ will be symmetrical with G F I about N P, and 
both may thus be found at the same time by laying 
off above and below W P the distances determined as 
above shown. 

§ 11. PHYSICS. 

[1] AccrELERATION Dur To GRavity. In engineer- 
ing computations there frequently enters a quantity 
known as the acceleration of gravity or the acceleration 
due to gravity, and denoted by the symbol g. This is 
the change per second which the gravity or attraction 
of the earth is able to bring about in a freely falling 
body. For engineering purposes its value is usually 
taken at 32.16 or 32.2. 

[2] Sprciric Graviry. The specific gravity of a 
given substance is the relation between the weights 
of equal volumes of the given substance, and of some 
standard substance, usually water. Thus a specific 
gravity of 8 means that, volume for volume, the given 
substance is 8 times as heavy as water. 

[3] Heat Unit. Heat is measured in terms of a 
unit defined as the amount of heat required to raise 
1 1b. of water 1 deg. in temperature at 60 deg. Fahren- 
heit, or from 60 deg. to 61 deg. 

é 

[4] Sprciric Hear. The specific heat of a sub- 
stance is the relation between the amount of heat re- 
quired to raise it 1 deg. at the given temperature and 
under given conditions as to pressure or volume, and 
the unit of heat as just defined. Thus a specific heat 
of .82 means that under the given conditions it will 
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require, to raise the temperature 1 deg., .82 of the heat 
necessary to raise 1 lb. of water from 60 deg. to 61 deg. 

[5] Expansion or Mutaus. Nearly all substances 
expand with the addition of heat, and usually with 
nearly equal amounts per degree rise of temperature, 
especially where the substance is not near its melting 
or boiling point. The following table gives the coeffi- 
cient of linear or length expansion for various sub- 
stances. ‘This is the expansion in unit length for 
1 deg. Fahr. rise of temperature. . 

| | | 
Substance. | Coef. Substance. | Coef. 

| | | 
RRS ena | Ter aa era eeaeae! 

PAlUM In Umer rate [OO000L23iiTrontcast-serreriaceceie | .0000056 
Brass, cast...... . | .0000096 ||Iron, wrought.......... | .0000065 
Brass, drawn.......... 1%20000105))||eadyerremeereretiiet: | .0000157 
Bricks cece civeccctes | .0000031||Mercury........ ...... | .0000333 
Bronze.......... -- | .0000099||Steel, cast........ | .0000064 
Bismuth . | .0000098 ||Steel, wrought... | .0000069 
Concrete [#0000080)])|ftinkyyecerrremerter tere | .0000116 
Coppertasceeeee eee | UCU WARNO 0660. Gooca0a0000000 | .0000141 
(OREEponooacets copbodae | | 

| 
0000045 

t | 

To find the expansion in the length of any bar for 
any given rise in temperature we have the following: 
Rule—Multiply the coefficient taken from the table 

by the number of degrees, and this by the length of 
the bar, and the product is the expansion desired. 
Example: What is the expansion of a steel bar 20 ft. 

long between 60 deg. and 350 deg. Fahr.? 
Ans.: .0000069 x 290 x 20 = .04 ft. = .48 in. 
The coefficient for area or surface expansion is taken 

twice that for linear expansion, and that for cubic or 
volume expansion is taken three times that for linear 
expansion. 
Example: What is the increase in area between 60 

deg. and 300 deg. Fahr. in a copper sheet having an 
area of 54 sq. ft.? 

Ans.: .0000178 x 240 x 54 = .281 sq. ft. = 33.3 sq. in. 
What is the increase in volume between 100 deg. and 

200 deg. ahr. in a piece of brass having a volume of 
2-2 eu. Lt? 

Ans.: .0000288 x 100 x 2.5 = .0072 cu. ft. = 12.44 
cu. In. 

§ 12. MECHANICS. 

[1] Itis a general law of nature that all bodies tend 
to remain unchanged as regards their condition of rest 
or relative motion. A body at rest does not move 
unless caused to do so by some outside agency. A 
body in motion continues to move until it is brought 
to rest by outside agencies such as friction, resistance 
of the air, or of water, etc. 

[2] Force. Any agency which changes or tends to 
change the condition of a body as regards its rest or 
relative motion is called a force. For engineering pur- 
poses force is measured by the pound or ton as unit. 
In marine engineering the ton, unless otherwise 
stated, is usually of 2,240 Ib. 

[8] SprciricaTion oF A Horcre. A force has three 
ebaracteristics or particulars: 

(1) Its line of direction, as north and south. 
(2) The way it acts in that line, as north. 
(3) Its magnitude. 
A force may therefore be completely represented by 

a line A B of length to represent the magnitude, and 

A B 

drawn in the direction of the line of action of the 

force. 
Thus the force A B would mean a force represented 

in amount according to some scale by the length A B, 
and acting along the line A B from A to B. The direc- 
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tion of action is also frequently denoted by an arrow 

point, thus: 

A B 
ee 

[4] Moment or A Force. This is the product of the 
magnitude or measure of the force multiplied by the 
perpendicular distance from its line of action to a 
given reference point. 
Thus in the figure let the full line represent a force, 

P denote its measure, and O the reference point. Then 

Sods SOE aan eS 

P 1 
\ 
10 

Px OA is the moment of the force P about the point 
O. In the term moment of @ force a point of reference 
is therefore always implied. . 

[5] Resuntranr. The resultant of a system of 
forces two or more in number with their lines of ac- 
tion all meeting at a common point, is the single force 
which represents the combined action or result of the 

system. 

[6] Worx. Work is done when a force (or resist- 
ance, as it may be called in such case) is overcome; as 
for example when a weight is lifted or a ship is forced 
through the water. Work is measured by the product 
of the resistance by the distance through which it is 
overcome. The two essential factors of work are 
therefore force or resistance on the one hand, and 
motion or distance on the other. The unit of work is 
the foot pound or the work done in raising one pound 
weight one foot in height. Thus if 16 lb. be lifted 

20 ft. the work done is 20 x 16 = 3820 ft. lb. 

[7] Power. Work in itself is independent of the 
time required to do it, and depends simply on resist- 
ance and distance. Power means a certain amount of 
work performed in a given time. The common unit is 
the horse power, which is 33,000 ft. lb. of work per- 
formed in one minute. The added element involved 
in power should not be forgotten. Thus 33,000 ft. Ib. 
of work performed in 1 hour would not mean one 

horse power, but only ,, of such amount, while 33,000 

ft. lb. of work performed in 1 second would mean 60 
horse power. Likewise 550 ft. Ib. per second repre- 
sents one horse power as also 1,980,000 ft. lb. per hour. 
To find the horse power in any given case we have 
therefore the following: 
Rule—Find the foot pounds of work performed per 

minute and divide by 33,000. 
Example: An engine in one-half hour performs 

118,800,000 ft. lb. work. What is the horse power? 

x. __ 18,800,000 120 
Horse}power = 36 SZ 33,00 — 

[8] HEnerey. This is the capacity for performing 
work, and depends on special conditions of motion or 
location. For convenience energy is considered of two 
kinds. 
Kinetic Energy is the energy possessed by a body in 

virtue of a condition of motion. As we know, such a 
body resists an attempt to stop it, and it will over- 
come a certain resistance through a certain distance 
before being brought finally to rest. This kind of 

2 v 
29 where W 

is the weight in pounds, v is the velocity in feet per 
second, and g is the acceleration due to gravity or 
32.2. Since energy is directly convertible into work 
it must be really similar in character to work, and we 

energy is measured by the formula H — 
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inay therefore speak of so many foot pounds of en- 
energy, just as well as of so many foot pounds of work. 

Potential Energy is the energy possessed by a body 
in virtue of its location or condition relative to the 
forces acting on it. “unus a weight lifted to the top of 
a& building has potential energy relative to the street 
because it could do work if allowed to move down- 
ward. Similarly a compressed spring or a compressed 
gas has potential energy because either, if properly 
allowed to return to the condition toward which it 
tends, will perform work. Potential energy is meas- 
ured by the work which could be thus performed, or 
by its equal the work which must be done upon the 
body in order to produce the given condition; as for 
example the work done in lifting the weight to the top 
of the building, or in compressing the spring or gas. 
Potential energy is therefore measured directly in 
foot pounds. 

[9] CoNnsERVATION OF HnERGY. It is a fact of uni- 
versal experience that energy can neither be destroyed 
nor created. If it seems to disappear or to appear, it 
is but apparent, and the result simply of a change of 
form. Energy may exist in a variety of forms, as 
(1) Mechanical, (2) Thermal, (8) Hlectrical, (4) Chem- 
ical, and when there is an increase in any one form there’ 
must be an equal decrease in one or more of the other 
forms, and likewise when there is a decrease in any one 
form there must be an equal increase in one or more of 
the other forms. ‘There may be a like exchange be- 
tween kinetic and potential energy, the one increasing 
as the other decreases, and vice versa. Thus with 
mechanical energy if there is no change to other forms 
we Shall find that the sum of the kinetic and potential 
energies is always the same, and that one increases as 
the other decreases and vice versa. In this view work 
simply appears as an attendant upon the exchange of 
energy, or more definitely, as a measure of the ex- 
change. Again if we fix our attention upon one body, 
its changes of total energy measure the work which 
it receives or gives out. If its energy increases it has 
had work done upon it. If its energy decreases it has 
given out work to some other body. 

[10] Srarics. If the forces which act on a body 
are properly related or balanced, the body remains at 
rest. The conditions necessary to the realization of 
this state of rest under the action of forces form the 
subject of statics. 

[11] Dynamics. If the forces are not so related, the 
body does not remain at rest and motion results. The 
amount and nature of such motion and its relation to 
the system of forces form the subject of dynamics. 

Chief Engineer Walter M. McFarland, U.S.N., has 
obtained a six months’ leave of absence and asso- 
ciated himself with the Westinghouse Electric and 
Mfg. Co., at Pittsburg, Pa., where he will hold the 
important position of Assistant General Manager. 
His resignation from the Navy is to take effect at 
the end of his leave of absence. At the time of his 
leaving the Naval service Mr. McFarland was assist- 
ant to HEngineer-in-Chief George W. Melville and 
was also prominently identified with the splendid 
Journal of the American Society of Naval Engineers. 
Mr. McFarland is widely known in engineering cir- 
eles at home and abroad: he not long ago was ap- 
pointed to represent the United States Navy at the 
International Congress of Naval Architects and Ma- 
rine Engineers in London. We understand that in 
his new position he will receive a salary very much 
larger than that which he could hope to draw from 
the Government service. He carries with him to his 
new sphere of action the sincere good wishes of his 
naval associates and those outside of the Depart- 
ment who have known him as an estimable gentle- 
man and an engineer of great ability. 
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HELPS FOR CANDIDATES FOR [MARINE EN- 

GINEERS’ LICENSES—FUELS—II. 

BY DR. WILLIAM FREDERICK DURAND. 

[5] Sponranrous ComsBustion. We have already 
seen under the head of weathering that coal at ordinary 
temperatures is subject to a very slow oxidation, or 
combustion, which gradually wastes away its fuel 
value. Also that a necessary consequence of this is 
the slow development of heat. Now, if the coal is in 
small bulk and well ventilated, there will be little 
chance for the gradual accumulation of the heat and a 
consequent rise of temperature. A few lumps of coal 
exposed to the open air may lose much by weathering 

_ in the course of six months or a year, but the heat set 
free will readily escape and the rise of temperature 
will be unnoticeable. If, on the contrary, the coal is 
in large bulk, or is confined in bunkers with little or 
no yeniuation, the heat developed by slow oxidation 
will be imprisoned and the temperature may gradually 
rise to the point where active combustion will proceed 
according to the supply of air available. In such case, 
however, the limited supply of air tends to limit the 
progress of the combustion, and it might therefore at 
nrst signt seem a question which arrangement of the 
two would be better—good ventilation with a copious 
supply of air and consequently a low temperature, or 
poor ventilation with rising,temperature, but with a 
limited supply of air for the support o: the oxidation. 
General experience indicates that good ventilation 
provides much the safer arrangement of the two; that 
is, it is considered safer to provide plenty of air and 
keep the temperature down rather than to limit the 
supply and at the same time imprison the heat de- 
veloped by what air may be available. Since, also, as 
explained in [4], the hydrocarbons are more subject 
to this slow combustion than carbon alone, it is clear 
that the danger of spontaneous combustion will be 
much greater with bituminous than with anthracite 
eoal. In fact the latter variety of coal may be con- 
sidered as beyond the danger of spontaneous combus- 
tion under all ordinary circumstances. On the other 
hand, only too many cases of spontaneous combustion 
with different varieties of bituminous coal are on 
record. 
The general conditions favorable to spontaneous 

combustion are the following: A large mass or bulk 
of coal, confinement or poor ventilation, high tempera- 
ture, and a quality of coal rich in the lighter and more 
readily oxidized hydrocarbons. 
Iron pyrites has sometimes been thought a possible 

cause of spontaneous combustion, but the proportion 
of this substance is usually small, rarely rising above 
four or five per cent, and the heat developed by the 
combustion of sulphur and iron is also much less per 
pound than for carbon and hydrogen. The heat de- 
veloped by the oxidation of iron pyrites is therefore 
hardly sufficient to do more than help along the gen- 
eral condition of slow combustion, which, with light 
hydrocarbons and other favorable conditions, may re- 
sult in spontaneous active combustion. The fact that 
cases of spontaneous combustion are more commonly 
met with in coal especially rich in light hydrocarbons 
rather than in that having a high percentage of iron 
pyrites, also shows that the former rather than the lat- 
ter is to be considered as the responsible cause. 
The gases imprisoned within the coal, reference to 

which was made in [4], may also escape and collect in 
a closed and unventilated compartment or bunker, and 
upon the later introduction of a light an explosion may 
result. This is exactly similar to the way in which 
firedamp explosions in mines may result. Thorough 
ventilation of such bunkers or spaces is the safeguard 
against such danger, and it should not be neglected, 
especially with coal of a quality likely to freely dis- 
engage such gases. 
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[6] Corrosion. As a further possible result of the 
presence of iron pyrites and the sulphur which is one 
of its constituents, the corrosion of the metal surfaces 
of the boiler may be mentioned. Sulphur in burning 
in the presence of moisture may produce sulphuric 
acid, and this may seriously corrode such surfaces as 
it comes in contact with, especially if there is oppor- 
tunity for its gradual action during periods when the 
boiler is not in active use. The conditions necessary 
for the formation of sulphuric acid are, however, not 
commonly present in marine boilers, and the danger 
of corrosion from the combustion of iron pyrites is*not 
usually considered as serious. 

[7] TRANSPORTATION AND STowaAGE. In general an- 
thracite coal bears transportation and handling better 
than bituminous on account of its greater hardness. 
It also stows more evenly on account of the greater 
uniformity in size of lump. 
The weight of coal in the solid lump is from 70 to 80 

lb. per cubie foot for bituminous grades, and from 
85 or 90 to 100 lb. per cubic foot for anthracite 
grades. When broken up in ordinary commercial 
sizes, however, its weight in bulk is usually from 50 to 
54 lb. per cubic foot for bituminous, and from 53 
to 58 lb. per cubie foot for anthracite. These weights 
correspond to an allowance of from 42 to 45 cu. ft. per 
ton of 2,240 lb. for bituminous grades and from 39 to 
42 cu. ft. per ton for anthracite grades. 

[8] GENERAL COMPARISON BETWEEN BITUMINOUS AND 
ANTHRACITE Coau. As between the two kinds of coal, 
bituminous burns more readily than anthracite, and 
requires a somewhat lower temperature for the pro- 
cess. This is because with the former the hydrocar- 
bon gases are first driven off and burnt, while the coke 
residue is left in a light and porous condition, and 
thus well suited for intimate contact with the oxygen, 
and for rapid elevation to the temperature of igni- 
tion. On the other hand, with anthracite coal the 
hydrocarbon gases are so small in amount as to have 
little influence on the process, and the coal has there- 
fore to burn as compact, solid lumps of carbon, with 
little opportunity for contact with the oxygen except 
at the outer surface. 

It results that under the same conditions of draft, 
firing, etc., considerably more coal can be burned per 
square foot of grate surface with bituminous than 
with anthracite. The excess of the former will de- 
pend, of course, on the special conditions, but will 
usually reach from 20 per cent to 40 per cent, or even 
more. 
From the explanation given in [2] it will be clearly 

seen that smoke and soot are chiefly the products of 
bituminous coal. With anthracite coal, immediately 
after firing, a slight show of smoke may be formed, 
but with neither the volume nor density of the smoke 
.formed by bituminous coal, while the soot formed 
with anthracite is too small in quantity to be of any 
significance. 

Bituminous coal, as we have seen, is more liable to 
spontaneous combustion than anthracite, and the loss 
by weathering is usually more serious. 
A good quality of free-burning semi-bituminous coal 

is usually considered as the best variety for all around 
steaming purposes. 

§2. BRIQUETTES AND ARTIFICIAL FUEL. 

This fuel is made from small bits of coal, coal dust, 
or from certain grades of coal which are so soft or 

crumbling that they cannot be readily used in their 
natural state. The material after selection and re- 
moval of impurities, so far as practicable, is reduced 
to powder by grinding, and is then mixed with some 
binding material and pressed into cubes or blocks 
weighing from one to three or four pounds each. The 
binding material is usually coal-tar, asphalt, crude oil 
refuse, or some similar substance. In some eases a 
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caking coal has been used by heating until softening 
occurs and then pressing into moulds while hot. 
The character of such fuels will of course depend on 

the nature of the materials of which they are made. By 
a proper choice of the ingredients or by a suitable en- 
riching with hydrocarbons in the form of pitch or crude 
oil, a fuel of most excellent quality may be made. The 
pressure to which the blocks are subjected is so great 
that the materials become closely compacted together 
and hold their form with no more breakage through 
handling than with a good quality of semi-bituminous 
or even semi-anthracite coal. The best grades of arti- 
ficial fuel ring when struck and absorb little or no 
water, thus showing a compact and firm structure 
iaroughout. They ignite readily and burn freely with- 
out an excessive formation of smoke, holding their 
shape without crumbling too rapidly on the grate. In 
evaporative power the best briquettes are the equiy- 
alent of good coal, from which indeed they differ 
chemically in no essential character. 
The weight per cubic foot and the number of cubic 

feet per ton when stowed loosely are about the same 
as for good semi-bituminous coal of like quality. If 
packed regularly the waste space is much decreased 
and the cubie feet per ton will be reduced to from 
25 to 35. 

§3. LIQUID FUEL. 

[1] Composition. ‘the only liquid fuel of impor- 
tance to the engineer is either crude petroleum oil, or 
the residue left after removing from the crude oil by 
distillation the lighter constituents, consisting of naph- 
tha, illuminating oil, ete. Crude petroleum oil is a 
liquid of brownish tint varying from light straw 
almost to black. It consists of a very complex mix- 
ture of many hydrocarbons. Some of these vaporize 
very easily and escape rapidly, even at ordinary tem- 
peratures. Such constitute the naphthas and gasoline. 
Next in order come the constituents which form com- 
mon illuminating oil or kerosene. Then still heavier 
and denser come the lubricating oils of various kinds. 
After theremoval of these there still remains a residue 
capable of yielding paraffine and vaseline, and last of 
all a certain amount of gas tar and coke. 
When the process of refining or distillation is arrest- 

ed after the removal of the naphthas and illuminating 
oils and perhaps some of the lubricating oils, the resi- 
due consists of a rather thick viscid liquid, not readily 
ignited as compared with the crude oil, but under 
proper conditions burning readily and with great heat- 
ing power. Such residue in the Russian oil wells on 
the Caspian is called astatki. It constitutes more than 
one-half of the crude oil. On the other hand, with 
American oils the similar residue is much less in 
amount, rarely rising to one-third of the crude oil. 
Furthermore the processes of refining are so much 
superior in the United States that of final residue after 
the removal of all marketable products, there is almost 
nothing left. With the best modern methods of treat- 
ment, therefore, the use of the residue after partial 
refinement does not mean the utilization of a waste or 
by-product, but the use of a substance having a defi- 
nite market value for other and long established uses. 
For the direct use of crude oil the same is true in still 
higher degree, so that under modern conditions the 
use of liquid fuel means simply a competition with 
the various other industries involving the use of the 
various products of crude petroleum oil. 

[2] Comsustion. For the combustion of crude oil 
or liquid refuse, the chief essential is that it must be 
“pulverized” or “atomized’—that is, broken up into a 
very fine spray and thus brought into intimate contact 
with the oxygen of the air. This is accomplished by 
special devices fitted to the furnace and called ‘‘pul- 
verizers” or “atomizers.” They are of two chief vari- 
eties according to the means used—either compressed 
air or steam. In each the oil is fed by pump or allowed 
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to flow by gravity to the nozzle of the device. Here 
it is caught by a jet of air or steam, as the case may 
be, issuing near or through it, and by this means is 
thoroughly broken into a tine spray and blown into 
the furnace in this condition. Once the fire started, 
tue spray is ignited as it issues from the nozzle so 
that the result is a long, fiercely burning jet of flame 
directed into the furnace. In order to produce the 
conditions best for complete combustion, it is usually 
found advantageous to have fire brick so disposed as 
to take the direct action of the flame. These bricks 
become heated to a high temperature and by their 
radiating action help to produce and maintain a tem- 
perature suitable for the complete combustion of all 
gaseous products formed from the liquid spray. 
Under proper conditions oil may thus be burned 

with little or no formation of smoke or soot. The ab- 
sence of all soot is especially favorable to the main- 
tenance of a high efficiency of operation. There is 
furthermore no clinker or ash, no cleaning of fires, no 
opening of furnace doors either for firing or cleaning, 
and no handling of ashes. 

[8] Dancer or Expiosion. The danger of explo- 
sion or of the formation of an explosive mixture by 
the slow distillation of the lighter hydrocarbons is 
considerable with crude oil unless due attention is 
given to the airing and ventilation of the spaces where 
such gases can collect. So long as the spaces contain- 
ing oil are full there is no danger of any such trouble, 
but when they are partially empty the gases may col- 
lect in the vacant parts, forming with the air an ex- 
plosive mixture which needs only a spark or other 
source of fire to explode with violence. Crude oil 
residue does not contain these lighter substances and 
is therefore safe from danger of this character, though 
in all cases a due attention to the matter of ventilation 
may be recommended. It may also be noted that the 
more dangerous parts of the oil evaporate with readi- 
ness under ordinary temperatures, and that crude oil 
exposed to the open air rapidly loses these constitu- 
ents and becomes thereby the safer for use. This 
operation corresponds to the weathering of coal, and 
entails of course some loss, but a loss the more permis- 
sible as it makes the fuel the safer to use. 

[4] Evaporative Power. Liquid fuel has a much 

ligher evaporative power pound for pound than coal. 

According to chemical analysis the combustion of one 

pound of liquid fuel should liberate from 20,000 to 

22.000 heat units, or about one and one-half times as 

much as good coal. This, combined with better effi- 

ciency of operation than with coal, have given experi- 

mental results showing an evaporative power twice 

that of coal or even higher. A ratio of 1.7:1o0r1.6:1, 

however, is more commonly considered as represent- 

ing the average relation under ordinary conditions, 

though in some cases the advantage has been still less 

marked. 

[5] SrowacEe anD Hanpuine. The best oil residue 

is of about the same density as sea water or slightly 

heavier. It will thus run from 34 to 35 cu. ft. per ton. 

While therefore its specific gravity is less than that of 

a lump of coal, it stows much better, so that a given 

space is capable of holding from 15 to 20 per cent more 

fuel in the shape of oi than in the shape of coal. 

Combining this advantage with that in evaporative 

power per pound, it follows that the final result is to 

very nearly double the capacity for steam generation 

per cubie foot of space occupied by fuel. AS a further 

point it may be mentioneu that oil or liquid fuel may 

be stowed in many' places on board ship not available 

for coal or for cargo in general. Such are ballast 

tanks, double bottoms, ete. Again, the ease with which 

oil may be handled, flowing as it does by gravity and 

stowing itself, is a further point in its favor. With 

proper facilities a ship may be proviaed with oil much 

more rapidly than with coal. It should be added, 
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however, that oil refuse at a low temperature may 
become quite stiff, flowing only sluggishly, especially 
in small pipes. This condition may require the pro- 
vision of special means for heating the oil so as to 
insure the necessary degree of fluidity. Oil refuse is 
therefore not a fuel suitavle for arctic exploration. 
A further advantage for liquid fuel lies in the great 

reduction in the fireroom force which is possible with 
its use. The handling and firing being practically 
automatic, only a few men are required to look after 
the oil tanks and supply pipes in a general way, and 
one fireman can give to a large number of furnaces 
the slight general attention which they require. The 
chief work in the fireroom is therefore reduced to 
water tending, which remains as with coal. 

[6] Usk or Orn AND Coat CoMBINED. In some cases 

the use of oil in conjunction with coal has given prom- 
ise of good results, especially on war ships, where it 
may be of the utmost importance to be able to very 
rapidly increase the power developed. In such cases 
the coal would be used alone under ordinary condi- 
tions, and oil added when the increase of power is 
desired. Experiments in the Italian Navy show that 
for the most complete combustion and best efficiency 
the proportion of oil to coal should be about one of oil 
to five of coal. In the same manner as above de- 
scribed the oil is pulverized and blown as a spray into 
the furnaces, where it burns with the gases given off 
by the coal. In this way the oil furnishes a powerful 
resource for suddenly forcing the fires and increasing 
the I. H. P. developed while the amount of oil carried 
or consumed is quite small compared with the supply 
necessary if oil were the only fuel used. 

[7] Cosr. The great drawback regarding oil fuel, 
and one that is apparently too serious to be overcome, 
is that relating to its price. At ordinary figures a 
pound of steam would now cost at least as much if 
generated by means of oil as by means of coal, and if 
the use of oil were undertaken by several large steam- 
ship companies or other large consumers, its price 
would rise to a point impossible at present to foresee. 
The use of liquid fuel is quite within the reach of 
present engineering means, and may be considered as 
a mechanical success. Due however to the limited 
supply, and to the uncertainties regarding its price, 
Its use will probably, under present conditions, be 
quite limited as a fuel for the generation of steam. 

The British Admiralty Court has decided that the 
French line steamship La Bourgogne was altogether 
responsible for the collision with the British ship 
Cromartyshire, on July 4 last, near Sable Island, 
which resulted in the loss of the steamship and 550 
lives. The Court held that the speed of the La Bour- 
gogne at the time of the collision was excessive, con- 
sidering all the circumstances, and that the Cromar- 
tyshire did everything possible to avert the collision. 
A number of damage suits are now pending against 
the French company, brought by the heirs of persons 
lost in the collision. Complete report of the mishap 
was published in our August, 1898, issue. 

In a new form The Nautical Gazette, formerly and 
for a number of years known as Seaboard, the New 
York weekly publication, comes to hand. Instead of 
a sheet about 12 in. by 16 in., it is now issued in the 
convenient form, 8 in. by 11 in., and has an attrac- 
tive cover. The character of the paper has been 
changed so that the political discussions with which 
it had long been identified are replaced by practical 
newsy and technical articles of general interest to 
those engaged in marine affairs. The management 
is now exclusively in the hands of W. H. and S. W. 
Stanton, the former partner, Alexander Smith, hay- 

' ing retired to accept a state office. It is an old estab- 
lished journal and we wish it much prosperity in its 
new form and under its enterprising management. 
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ENGINEERS’ DICTIONARY—XIV. 

Excentric.—In general anything which is not truly 
centered or properly lined up with reference to some 
axis of rotation, or line of motion. 

In particular an excentric is a circular disk, as in 
Vig. 51, attached out of center to the shaft of an en- 
gine. From the excentric by means of the excentric 
strap and rod is derived the motion for the valve 
which regulates the admission and exhaust of steam 
into and from the cylinder. The motion given by the 

excentric is exactly the same as that which would 
result from a crank of a throw equal to the distance 
from the center of the excentrie to the center of the 
shaft. This distance is therefore called the throw of 
the excentric, although in some eases this term is 
used to signify twice this distance, or the whole dis- 
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Fig. 51. 

tance traveled by the valve. Excentrics are usually 
of cast iron or occasionally of cast steel, made in two 
parts, bolted together, and keyed in place on the shaft. 
The excentric shown in Fig. 51 is designed for a 
large marine engine. As shown, the excentric sheave 
is made in two unequal parts which come together at 
the diameter of the crank shaft so that the excentric 
ean be readily fitted in place or removed without 
moving the heavy crank shaft. The faces where the 
two portions of the sheave join are tongued and 
grooved, making practically a solid sheave when bolt- 
ed together. The heavy black lines show metal liners 
to take up wear. 
Excentric Rod.—The rod, Fig. 51, by means of 

which the motion of the excentric is communicated 
to the link, and thence to the valve. 
Excentric Rod Fork.—A forked or U shaped upper 
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end usualiy given to the excentric rod, to facilitate its 
attachment to the link, Fig. 52. 

Excentric Sheave.—The same as excentric above. 

Excentric Strap.—The ring of metal which sur- 
rounds the excentric and forms with it the turning 
pair. The excentric in its motion around with the 
shaft turns within the strap and at the same time 
carries it to and fro. ‘This latter motion is then, by 
means of the excentrie rod and link, transmitted to 
the valve as already noted. Excentrie straps are 
made in halves and bolted together. The material 
used is usually cast steel or bronze, and the inner sur- 
face is lined with white metal to give a bearing sur- 
face on the excentric. Brass or bronze may also be 
used as a liner for cast steel straps, while the white 
metal is sometimes omitted when the straps are of 
bronze. See Fig. 51. 

Effective Horse Power.—The resistance which a 
ship would present if she were towed through the 
water at the given speed is called the true resistance. 
The work necessary to overcome this true resistance 
is called the effective horse power and is commonly 

Fig. 52. 

denoted by the initials E. H. P. It is only a fraction 
of the total indicated horse power, the remaining part 
having been expended in the friction of the engine and 
in the necessary work done on the water in obtaining 
tne required propulsive thrust. The fraction usually 
realized is from 50 per cent to 60 per cent. This ratio 
is called the propulsive coefficient. 

Effective Pressure.—In a steam engine cylinder 
there is always pressure on both sides of the piston. 
The effective pressure is the difference of these, or the 
net pressure acting in any one direction. Thus for ex- 
ample a pair of indicator cards may show at a given 
point in the stroke in the H. P. cylinder, say, that the 
pressure on top of the piston was 155 Ib. per square 
inch while that on the under side was 90 lb. The 
effective pressure was therefore 65 lb. per square inch 
downward. 

Efficiency.—This term always means a ratio of 
returns to expenses. Thus in a boiler the efficiency is 
the ratio of the heat transferred into the water to the 
total heat in the coal thrown through the furnace 
doors. The latter is the expense, the former the re- 
turn. -In the engine the expense is to be considered 
as the heat in the steam which is used, while the 
return is the indicated horse power developed. The 
efficiency is the ratio of the latter to the former. If 
we consider the return as the power delivered to the 
propeller, thus including the loss due to friction, then 
the efficiency of the engine becomes correspondingly 
less. In a propeller the expense is the work delivered 
to it from the shaft. The return is the work done by 
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means of the thrust developed. The efficiency is the 
ratio of the latter to the former. 
Ejector.—See Bilge Ejector. 
Escape Pipe.—A pipe through which steam or water 

which has escaped through a safety or relief valve is 
led to a proper point for discharge. Thus on many 
steamers the main escape pipe leads from the main 
boiler safety valves up alongside the funnel to a suit- 
able height for the convenient discharge of the steam. 
Escape Vaive.—A form of safety valve allowing the 

escape of steam or water when the load becomes 
greater than that for which the valve is set. On 
steam cylinders they are more commonly known as 
relief valves, and are made as in Fig. 53. 
Evaporation.—A term referring in general to the 

change of water from liquid into steam. The word is 
also used in reference to the amount of water evapo- 

Hig. 53: 

rated in the boiler per pound of coal burned on the 
grate. With hard forced draft, coal of poor or mod- 
erate quality, and poor firing, the evaporation may be 
no more than 7 Ib. or even less. Under favorable cir- 
cumstances with efficient combustion and good coal 
the evaporation may rise to 10 or 11 Ib. or slightly over. 
Values of from 9 to 10 lb. are representative of good 
average conditions. 

The arrival of the battleships Oregon and Iowa 
and the supply ship Celtic at Rio Janeiro in Novem- 
ber was made the occasion of a hearty demonstra- 
tion on the part of the English speaking colony 
there, which was participated in by the crews of the 
British warships Flora and Beagle, on that station. 

The revenue cutter McCulloch, Captain Hooper, 
arrived at San Francisco January 10 after a voyage 
from Manila. Our regular readers will recall that 
an extensive deseription of this vessel was published 
in our June, 1897, issue. She was built for service in 
the Behring Sea and was on her way out, via the 
Suez Canal, when the Spanish war broke out. She 
was then impressed into the naval service and joined 
Admiral Dewey’s fleet at Singapore, accompanying 
the fleet to Manila before the battle of Cavite. Her 
commander reports that on her voyage home she 
behaved admirably in rough weather, maintaining a 
speed of about 12 knots. 
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THE ART OF MAKING MECHANICAL SKETCHES 

—FOR MARINE ENGINEERS—VI. 

BY PROF. C. W. MAC CORD. 

What precedes has been mainly a brief explanation 
of the methods and principles of orthographic projec- 
tion as used in the construction of mechanical draw- 
ings. These apply equally well to the making of 
working sketches; it has been remarked that a sketch 
is (in many cases at least) simply a rough drawing, 
made possibly without the use of instruments, but at 
any rate made so as to resemble an accurate working 
drawing as nearly as may be; so that some knowledge 
of the theory is necessary in order to make such 
sketches intelligently and rapidly. 

Clearly, a sketch should contain all the data re- 
quired for the reproduction of the object represented, 
and should convey its information in the most direct 
manner, with the least possible labor. It is therefore 
important to decide at the outset just what views are 
best adapted to this end, and to make those and no 
more. 
Take for example the crank and part of shaft shown 

in Fig. 28; a glance at this figure shows that by its 
aid the pieces could be made, and that with no chance 
of error; the side view and end view are absolutely 
necessary, while a top view would be utterly useless. 
Rough and rude as the lines are, this sketch, with the 
aid of the dimensions given, would serve the mechan- 
ics’ purpose as well as a careful instrumental draw- 
ing, because it contains precisely the same lines and 
figures which would be found in such a drawing. 
Now, supposing these parts to be given, he who is to 

make the sketch must be provided with a large pair 
of calipers and a folding rule (or if great accuracy 

> 

ee lees, 

is required, with a steel scale), for making the meas- 
urements. Also with pencil and paper, and if time be 
an object, with a pair of pencil compasses. 

In the latter case, the most expeditious process is to 
draw first the center lines A B, O D, E F, using the 
scale as a ruler; next with the compasses to draw the 
circles of the shaft and the crank pin and their hubs; 
and finally to make the outlines of the side view also 
by the aid of the ruler, using the compasses too, to fix 
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the diameter of the hubs, the shaft and the pin. All 
this, in the case of so simple a subject, even the be- 

ginner can do without any outrageous disproportion, 
even if no measurements be made beforehand. The 
various parts are then to be carefully measured, and 
the dimensions one after another put upon the sketch 
already made. 

It will be seen that tue distance from the center of 
the shaft to the center of the crank pin can not be 
taken directly; but by measuring on the face of the 
crank from the lower edge of the.collar to the lowest 
point of the shaft, we find the distance 2 y to be 19 in. 
From this subtract 4 in., the radius of the shaft, and to 
the remainder add 8 in., the radius of the collar, and 
we obtain the desired distance, 18 in. 

Sunilarly, the length of the crank pin proper is 5 1-2 
in.; the half of this, 2 3-4 in, plus 3-4 in., the thickness 
of the inner collar, gives 3 1-2 in. as the distance of the 
face of the crank from the vertical line H K through 
the center of the crank pin. This is an important line, 
being the plane of rotation, which passes through the 

center line of the cylinder; from this plane all side 
distances are estimated, such for example as the 16 1-2 
in. to the nearer of the two collars on the main shaft, 
which limit its journal, 12 in. in length. 
Now, it is very frequently the case that distances of 

vital importance can not be taken at all except by 
this roundabout process of making several indirect 
measurements, and adding some and perhaps sub- 
tracting others. And in connection with this, there is 
one feature to which we would call attention in the 
most emphatic manner, viz.: Having thus determined 
one required distance, it is a not uncommon case that 
in determining another one in a similar manner, a 
second set of figures is obtained, by manipulation 
with which the first distance can also be determined 

Mbain Gorark, amc Grankohin, 
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in another way. When this occurs, it would be a very 
awkward thing if upon making an instrumental draw- 
ing from the sketeh the two values thus obtained 
should not be the same. The utmost care should there- 
fore be taken to test this question while making the 
sketch—the figures should be compared, and if any 
discrepancy be detected, the observations should be 
repeated until the error is eliminated and the results 
made concordant. 
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lt is a well Known fact that if a sharp corner, even 

a right angle, be formed at the junction of either a 
shaft or a crank pin with collars formed upon it, the 
liability to fracture is very much greater than if these 
junctions are rounded out, or, as it is technically 
called, filleted, as shown in the figure. The line of 
tangency between the fillet and the cylindrical body 
of the shaft or the pin is, abstractly speaking, an im- 
aginary line, and therefore not entitled to be repre- 
sented on the drawing. But if it be not shown, the 
existence of the fillet might be overlooked; particu- 
larly if, as is often necessary, its radius be small. But 
even a very small fillet is a great safeguard against 
fracture; and the chance of its being overlooked is 
absolutely prevented by drawing in, in a hair line, this 
imaginary line of tangency, as shown at @ @ on the 
erank pin, and 6 6 on the shaft. There may be two 
opinions as to whether this improves the appearance 
of the drawing; but any one whose experience in- 
cludes the breaking of a shaft by reason of its omis- 
sion, will thereafter be inclined to think that it does. 
Opinions also vary as to the methods of representing 

center lines and ‘dimension lines; we prefer the 
style shown in the figure, where the center lines are 
drawn full, but very fine, while the dimension lines are 
drawn with fine dashes, less pronounced than those 
used for representing hidden outlines. As to the ar- 
rangement and location of the figures, the sketch illus- 
trates one or two principles of general application, 
viz.: Each figure should be so placed as to be con- 
spicuous—when it can be avoided, figures should not 
be placed near each other, or near any center line or 
any outline; and they should be so clearly written that 
all can be easily read, without the possibility of mis- 
take. 
Now, as intimated in the foregoing, the pieces in 

question could be reproduced by the aid of the sketch, 
whether in making it the proportions were preserved 
or not; provided only that the dimensions be clearly 
and correctly given. But obviously that sketch is the 
best which most closely resembles the exact drawing; 
and for several reasons it should be made to do so as 
nearly as may be, if time permits. For one thing, the 
habit of close observation is cultivated; and besides, 
impressions of relative dimensions are insensibly fixed 
in the mind, and what may be called a sense of me- 
chanical proportion is developed; all of which is of 
the greatest value to any one who has to do with 
mechanism, and especially to a designer, who must at 
the outset depend to a great extent upon free hand 
sketches as records of his ideas. The ability to sketch 
in reasonably good proportion is to some extent a nat- 
ural gift, but like many others it is one which can be 
cultivated, and greatly improved by practice; and we 
shall subsequently have occasion to indicate some lines 
in which such practice may be advantageously pur- 
sued with that object in view, without the aid of any 
artificial appliance. 

But, confining our attention now to the production 
of a fair sketch of the crank and shaft shown in the 
cut, and supposing a reasonable time to be at disposal, 
the beginner will find his labor greatly lessened by the 
use of ‘cross section” paper; that is, paper divided 
into small squares by vertical and horizontal lines, 
either water marked or very faintly ruled; lines at reg- 
ular intervals being made more pronounced, thus 
dividing the paper into larger squares for facility in 
counting the divisions; which may now be had in 
great variety, in single sheets, pads, and note books, of 
different sizes. If this be at hand, it is obviously the 
better course to begin by taking the leading dimen- 
sions, before drawing any lines upon the paper; be- 
cause these can then be put in, by the aid of the sub- 
divisions, very nearly if not absolutely at their proper 
relative distances from each other. And the minor 
details being in like manner also measured before 
they are drawn in, the whole sketch may be made in 
such a manner as to approximate quite closely to a 
drawing made to scale. 
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This will necessarily occupy somewhat more time 
than the proceeding first described; but on the other 
hand the result is very likely to be better. And no 
matter which method be pursued, it should always be 
kept in mind, that such a sketch is to be considered as 
a permanent record, and it should be such that a work- 
ing drawing can be laid down from it, by either the 
one who made it, or by any one else, at any subsequent 
time. Too many tyros are apt to think that they them- 
selves are to make the scale drawing, and to do it im- 
mediately; thus they content themselves with sketches 
so crude and obscure that no one else could ever 
use them, and they could not do so themselves two 
days after—an error which we hope that none of our 
readers will ever commit. 

Current [latters of Interest. 

_ An order for a large side wheel excursion steamer 
is reported placed with the Detroit Dry Dock Co. for 
the White Star line of Detroit. 

An order for a 140 ft. steam yacht is reported to 
have been placed with Pusey & Jones, Wilmington, 
Del., by J. Rogers Maxwell, of New York. 

The protected cruiser Chitose, built by the Union 
Iron Works for the Japanese Government, is re- 
ported to have made an average speed of 21.48 knots, 
with natural draft, on a six hours’ run. 

New York City is the owner of a considerable fleet 
of vessels. These are employed in the Police, Fire, 
Charities, Correction and Dock departments, and in- 
clude a great variety of types of vessels. The gross 
value of these vessels is about $1,000,000, and they re- 
quire an annual expenditure of about $150,000 to keep. 
them in repair and pay the crews and purchase stores. 

Returns for the year 1898 will probably show that 
the amount of tonnage entered and cleared at the port 
of New York will exceed that of any other port in the 
world. The number of entries from foreign ports at 
New York for the year, of all class of vessels, were 
4,660, of which number 751 were American vessels. 
The total of British vessels was 2,578, of which 1,844 
were steamships. 

Improvements which have been made in recent 
years in the arrangements for carrying cattle on yes- 
sels are indicated by the record made by the S. S. 
Georgie. On the completion recently of her thir- 
teenth round voyage across the Atlantic her record 
showed that she had carried more than 11,000 head 
of cattle without the loss of a single beast. In for- 
mer years the percentage of losses of cattle on the 
hoof in the Atlantic trade was enormous. 

It is Reported 

That the torpedo boat Rowan, constructed by Moram 
Bros., of Seattle, showed a mean speed of over 27 
knots for an hour’s run on preliminary trial. Her 
estimated contract speed is 26 knots. She is a 170 ft. 
boat, with twin screw quadruple-expansion engines. 

That the torpedo boat Davis reached a speed of 
23 1-2 knots on her second trial. She was built at 
Wolff & Zwicker’s yard at Portland, Ore. She is 146. 
ft. long and displaces 182 tons. Her contract speed' 
is 22.5 knots, with 1,750 H. P. She is fitted with 
triple-expansion engines and Thornycroft water tube- 
boilers. 

That a new steamship line will be established be-- 
tween Norfolk, Va., and South American and West 
Indian ports, the company to be known as the South 
Atlantic Steamship Co. The promoters claim that 
many of the shipments now made, via New York, 
will, upon the establishment of the line, go by way 
of Norfolk. 



February, 1899. 

QUERIES AND ANSWERS. 

(Communications intended for this department will not receive at- 

tention unless accompanied by the full name and address of 

the sender, which will be considered confidential). 

Q.—How can I find the clearance of an engine by 
the indicator diagrams? Also please give method for 
finding the evaporation by the indicator diagram. 
Kindly go into detail about clearance especially. I 
have a 25 in. by 40 in. by 68 in. by 42 in. engine that I 
have taken some splendid diagrams from and under 
actual test of weighing coal, ete., driving hard in a 
heavy head sea, worked down as low as 1.7 per horse 
power. GREAT LAKES. 

A.—The determination of the clearance from the indicator dia- 

gram proceeds upon the assumption that the expansion or com- 

pression curve is a simple hyperbola. This is a wholly unsafe 

assumption to make, and the result is likely to be entirely mis- 

leading and worthless. These curves depend upon a variety of 

circumstances and frequently they depart very considerably from 

the simple hyperbola in form. They are affected by varying 

amounts of water suspended in the steam, by the action of 

steam jackets if provided, by leaks in steam valve, or in the 

piston, etc. With the expansion curve a slight departure from 

the common hyperbola will be enough to make a very consider- 

able error in the clearance as determined by this method. With 

the compression curve the departure is often very considerable, 

so that here also the basis of the method is entirely unreliable. 

If in the cases you have tried the value in the H. P. cylinder 

comes out about as it should, it is largely a matter of chance 

and means presumably that under the especial circumstances the 

curve is nearly hyperbolic. In the I. P. and L. P. cylinders the 

method is, in principle, no less nor more accurate than in the 

H. P. It must be remembered in any case that use can be made 

only of that part of the expansion curve after cut off and before 

release, or of that part of the compression curve after exhaust 

closure and before steam opening. The point of the whole mat- 

ter is that this method of finding the clearance is wholly un- 

trustworthy, and there is no use in trying to do anything with it. 

It is a sheer waste of time. 

The clearance should be determined either by measurement 

and computation from the drawings, or by filling it with water 

and measuring the amount required. There are several methods 

of procedure. In the first place the valve must be disconnected 

and blocked in mid position, thus covering the ports. Care must 

also be taken to provide by the use of putty, if necessary, against 

leakage at either the valve or piston. Then place the engine on 

the center and by means of the indicator pipe fill the clearance 

volume with water by pailfuls, weighing each pailful before 

pouring in, and the amount left over in the last pailful. Then 

knowing the weight of the pail, the total weight of water poured 

in may be found. This reduced to volume by taking 62.5 lb. to 

the cubic foot will give the clearance volume in cubic feet, and 

this divided by the volume of the piston displacement will give 

the clearance percentage. If salt water were used, 64 instead of 

62.5 would be used in reducing to volume. 

Somewhat differently the mode of procedure may be as fol- 

lows: Place the engine just one inch off the center as shown by 

measurements on the guides. Fill up the volume as before and 

note the weight required. Then move the engine up to the center 

slowly, catching the water as it is forced out and weighing as 

before. The amount forced out corresponds to 1 in. of piston 

displacement. Subtract this amount from the total, and the re- 

mainder represents the water in the clearance. Divide the latter 

by the amount representing one inch of piston travel, and the 

quotient is the number of inches corresponding to the clearance. 

This divided by the stroke will give the clearance percentage. 

As an illustration of the first mode of procedure, suppose dia. = 

22 in., stroke = 40 in., weight of water to fill clearance = 85 Ib. 

Then volume of clearance = 85 ~ 62.5 = 1.36 cu. ft. The volume 

of piston displacement = 3.1416 X 11 X 11 X 40 =~ 1728 = 8.8 

cu. ft., nearly. Hence clearance percentage = 1.36 ~ 8.8 = 15.45 

per cent. 

For the second mode of procedure let the figures be as follows: 

Total weight of water with engine 1 in. off center = 99 Ib. 

Weight of water forced out when engine is brought to center = 

13.5 1b. Difference = 85.5 lb. Then 13.5 lb. represents 1 in. of 
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piston travel, and 85.5 Ib. the whole clearance. Hence 83.5 + 

13.5 = 6.33 in. = number of inches of piston travel giving a vol- 

ume equal to that in the clearance. Hence 6.33 in. + 40 in. = 

15.8 per cent = clearance percentage. 

In regard to the second question, the evaporation derived from 

the indicator card is also inaccurate, misleading and worth- 

less, unless it is remembered that it shows simply the amount of 

water present in the form of vapor and not the total amount of 

mixed tater and vapor. This total amount may be from nothing 

to 50 or 100 per cent greater than the amount of vapor, depending 

on circumstances, and at what point of the card the deter- 

mination is made. Remembering then that this determination 

relates simply to the amount of vapor, and not to the total 

amount of water in the form of both liquid and vapor, we may 

proceed as follows: Referring to the figure here printed, we draw 

O HDK ERG 

the line of zero pressure, absolute, and the clearance line O F 

such that O H ~ H G equals the clearance percentage as deter- 

mined by computation or measurement. We then select a point 

C on the card just before the point of exhaust opening, and 

draw the line A @. This line represents the total volume of 

steam at a pressure H# C, present in the cylinder at this point of 

the stroke. Of this total amount, a certain part is rejected dur- 

ing exhaust, and the remainder is shut in by the exhaust closure. 

When the latter has been compressed up to the pressure D B 

equal to # C, the volume occupied is A B. Hence the amount 

actually exhausted corresponds to a volume B C at pressure H C. 

The volume of total piston displacement is represented by H G. 

Hence the volume represented by B C is the same fraction of the 

piston displacement that the length B C is of H @. In this way 

the volume corresponding to B C is found. Then from steam 

tables we find the weight per cubic foot at the pressure E CO, and 

multiplying this by the volume, we have the steam per stroke in 

this end of the cylinder. This entire operation must then be 

repeated and the corresponding amount found for the other end 

of the cylinder. The sum will be the amount per revolution, 

and then from the known revolutions per minute or per hour, the 

amount per minute or per hour may be found, and dividing the 

latter by the I. H. P. we shall have the amount per I. H. P. per 

hour. In some cases the best point at which to take the amount 

of compression steam may seem to be other than B, as at J for 

example. In such case the amount of compression steam is taken 

as that corresponding to the volume 7 J and pressure K J, and is 

subtracted from that corresponding to volume A C and pressure 

E @. If desired the volume of the piston rod may be allowed for 

in finding the volume of piston displacement in the head end. 

As an illustration take the following relating to the H. P. 

cylinder of a triple-expansion engine: Dia., 22 in.; stroke, 40 in.; 

dia. of piston rod, 5 in; clearance, 15 per cent. 

Then: 

Volume of piston displacement, head end = 8.80 

Volume of piston displacement, crank end = 8.35 

For head end let B C = 3.45 in. and H @=4 in. Then volume 

corresponding to B C = 3.45 =~ 4 X 8.8 = 7.59. Let the pressure 

E C be 80 lb. above atmosphere or 95 lb. absolute. Then weight 

of 1 cu. ft. at this pressure as given by steam tables is .2165 Ib. 

Hence: 

Weight of steam in head end for one stroke = .2165 * 7.59 = 

1.648. For crank end let B C = 3.3 in. and H @ = 4 in. Then 

volume corresponding to B C = 3.8 + 4 X 8.35 = 6.89. Let the 

pressure H C be 82 lb. above atmosphere or 97 lb. absolute. 

Then weight of 1 cu. ft. at this pressure as given by steam tables 

is .2208 Ib. 

Hence: 
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Weight of steam in crank end for one stroke = .2208 X 6.89 = 

1.621. Then weight of steam per revolution = 1.643 + 1.521 = 

3.164. The revolutions were 88 per minute and the total I. H. P. 

developed by the engine was 1,544. Hence the steam per I. H. P. 

per hour as accounted for by the H. P. indicator card is: 

aie __ 3.164 < 88 x 60 
Weight = - bid 

The actual steam consumption in this case was about 14 Ib. per 

I. H. P. per hour, so that the steam thus accounted for by the 

indicator is only 10.82 ~ 14 or 77 per cent of the whole amount. 

10.82 lbs. 

Q.—Please figure these out: 
For compound condensing engines with two or more 

eylinders when the cranks are not overhung: 

CVSS IP nx IDF 

Si KGS / eta) 2 NG 

f(2+e) 

Where S = diameter of shaft in inches; d* = square of 
diameter of high pressure cylinder in inches or sum of 
squares of diameters when there are two or more 
high pressure cylinders; D? = square of diameter of 
low pressure cylinder in inches or sum of Squares of 
diameters when there are two or more low pressure 
cylinders; P = absolute pressure in pounds per square 
inch, that is, boiler pressure plus 15 lb.; C = length of 
crank in inches; f = constant from the table. 
Note.—Intermediate pressure cylinders do not ap- 

pear in the formule. 
For ordinary condensing engines with one, two or 

more cylinders when the cranks are not overhung: 

(oie Ae xX PX D? 
3 xf 

BSS FSCS 
O! SK IOP 

Where S = diameter of shaft in inches; D? = square 
of diameter of cylinders in inches or sum of squares 
of diameters where there are two or more cylinders; 
P = absolute pressure in pounds per square inch, that 
is, boiler pressure plus 15 lb.; C = length of crank in 
inches; f = constant from table. 
The first is a fore and ait compound engine of 28 in. 

dia. high pressure and 54 in. dia. low pressure cylin- 
ders with 36 in. stroke. Steam pressure at boiler 136 
Ib.; angle between cranks 90 deg. f = 1047. 
-The second is a double condensing engine with cyl- 

inders 24 in. dia. and 21 in. stroke; steam pressure 93 
Ib.; angle of cranks 90 deg. f = 1047. CANADA. 
A.—The formulae which you quote are the British Board of 

Trade Rules. For the first case we have the following values: 

P= 

d = 28 

D = 54 

CoS18 

fa 1047; 

P = 1386 4+ 15 = 151 

We find first the square of d or 28, which is 784, and the square 

of D or 54, which is 2916. We then divide 2916 by 784 and find 3.72 

for the value of D? = d? in the denominator. To this we add 2 

and find 5.72 as the value of the parenthesis in the denominator. 

We then multiply together 18 X 151 X 2916 and divide by 1047 x 

5.72, finding 1823.4 as the result. We next take the cube root of 

this number and find 10.98 inches. Taking the nearest shop 

figures we should have 11 in. as the diameter of the shaft. 

For the second case the values are: 

D = 24 and D2 = 576 

Cm810!5 

P = 9 + 15 = 108 

fan 1047, 

We then multiply 10.5 < 108 X 576 and divide by 3 X 1047, or 

3141, finding 207.9 as the result. We then take the cube root of 

this number and find 5.92 in. Taking the nearest shop figures we 

should have 6 in. as the diameter of the shaft. 

Q.—How is it that a small engine turning, say, 300 
or 400 revolutions per minute will develop more horse 
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power than an engine with cylinders over twice the 
size but only turning, say, 150 revolutions per minute, 
the steam being the same? Does it mean that the 
small engine could drive a boat as fast as the larger 
one? H. M. M. 

. A.—Horse power means a certain amount of work done per 

minute, and work depends on two things—pressure or load and 

speed or distance traveled per minute. To illustrate, suppose 

you are hoisting bricks by hand with a simple block and fall, and 

you hoist 100 Ib. 30 ft. high in one minute. Then you have done 

30 X 100 or 3,000 ft. lbs. of work. If you hoisted 70 lbs. 50 ft. the 

work would be 3,500 ft. lb. If the load was 50 Ib. and the height 

60 ft. the work would be 3,000 ft. lb. as at first. What you have 

lost in the load you have made up in distance. Similarly if the 

load was 200 lb. and the height 15 ft. the work would still be 

3,000 ft. Ib. What is lost in height is made up in load. The same 

with the two engines. Suppose the mean pressure and stroke to 

be the same, the cylinder area for the first to be 40 sq. in. and 

revolutions 150, while cylinder area for the second is 20 sq. in. 

and revolutions 300. Then the power developed will be the same 

in each case. What the larger engine loses in revolutions it 

makes up in area of piston, and so in total pressure or load. If 

the small engine should make 400 revolutions, then the power 

developed would be greater than for the larger engine at 150 rev- 

olutions. With the first engine at 150 revolutions and the second 

at 300, each fitted to a properly designed propeller, the speed of 

boat would be the same, provided of course that each propeller 

had the proper immersion. 

Q.—Please add to the answer in the January issue 
something about wooden vessels. Key WEstT. 

A.—Well, instead of the bowl] made of sheet iron take a bowl 

made of light wood, say yellow pine, and bore a hole in the bot- 

tom. Water enters, but the bowl still floats. Why? Simply be- 

cause the wood floats naturally. That is, its weight is less than 

that of an equal volume of water, and hence the necessary buoy- 

aney is gained by the displacement of the material of the bowl 

before the immersion is complete. 

The ordinary wooden ship, including fittings, metal fasten- 

ings, etc., is usually too heavy to float in this way, and hence 

will sink when invaded by water. Suppose, however, that we 

have such a vessel with the hold full of lumber? When water 

comes in the lumber provides effective displacement, and thus 

adds to the buoyancy derived from the structure of the vessel. 

In such case the vessel may float instead of sinking. Why? 

Simply because the lumber helps displace the water and adds 

to the available buoyancy, so that the total amount equals the 

total weight, vessel and cargo, before the immersion is com- 

pleted. In this way it might be possible for a light steel ves- 

sel to float if water-logged with a hold full of light lumber. 

This is exactly similar in principle to encasing a piece of pine 

with thin sheet iron. The combination will float, while the 

iron alone, with water in the inside, will sink. 

These general principles apply to all kinds of floating bodies, 

the battleship, the Atlantic liner, the schooner and the row- 

boat. The buoyancy must equal the weight, and the ship or 

boat floats with a good freeboard because a buoyancy equal 

to the weight is gained before the immersion is complete. Thus 

a battleship if immersed to the deck-edge would be subject to an 

upward buoyant force of some 16,000 or 18,000 tons. But as the 

battleship with all equipments weighs only some 11,000 tons, let 

us suppose, an upward buoyancy sufficient to balance this is 

gained with a considerable part of the hull still above the water 

line. 

If the general principles given here and in the previous answer 

are kept clearly in mind they will serve to explain any and all 

problems connected with the floating of a body, whether it be 

simple or complex. 

It is understood that the Navy Department will 
shortly offer for sale a number of the auxiliary ves- 
sels purchased during the Spanish war and that the 
vessels offered will include a number of steam 
yachts. 

A survey of the Government property at League 
Island is being made, with a view to the construction 
of a great concrete naval dock there which is to be 
over 700 ft. long, and wide and deep in proportion. 
A large dock will also be built at Boston, Mass. 
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TRADE PUBLICATIONS. 

Users of anchors should have a copy of the cata- 
logue just issued by the Baldt Anchor Co., Chester, 
Pa. This patent anchor has received much attention 
and has been approved by the Lloyds Register. Sev- 
eral excellent testimonials are given, speaking in the 
highest terms of the anchor, by those who have given 
it practical test. 

Users of wood working machinery will be interest- 
ed in an illustrated catalogue of special wood working 
machinery issued by Baxter D. Whitney, Winchen- 
don, Mass. It is one of the best specimens of the 
printer’s art received in this office for a long time. So 
much wook working machinery is used in shipyards 
that this catalogue should be had by all interested. 

The latest bulletin issued by the Sturtevant Co., 
Jamaica Plain, Mass., is devoted to electrical fans and 
is designated as Bulletin H, which can be had by 
writing for a copy. It comprises eight pages and is 
printed in the usual Sturtevant manner, giving a 
great many varieties of fans, including a special type 
of suspended fan designed especially for use on board 
ship. 

Draughtsmen and others who have lettering to do- 
will be interested in the pocket sized catalogue de- 
voted to the Tampograph, a device manufactured by 
the Tampograph Co., Wilmington, Del. It is a simple 
mechanical device for designing and executing all 
sorts of hand lettering on drawings, maps, ete. The 
full operation of the device is explained in the cata- 
logue. 

“Who Uses Mechanical Draft?’ is the question on 
the cover of ap unusually attractive book issued by 
the Sturtevant Co., Jamaica Plain, Mass. The ques- 
tion is answered by a very large list of names where 
either forced or induced draft is used, and includes a 
large number of vessels in the Navy, besides many of 
the best known steamships and steam yachts in the 
country. 

Drop forgings, as manutactured by J. H. Williams 
& Co., Brooklyn, N. Y., receive very thorough atten- 
tion in a 40-page catalogue just issued. The line of 
forgings manufactured by this firm is fully described, 
giving sizes, prices and all other information that 
could be asked for. It is a very well printed cata- 
logue and is thoroughly illustrated with the best of 
wood cuts. 

“Pencilings” is the title of a very attractive and 
fully illustrated book issued by the Joseph Dixon Cru- 
cible Co., Jersey City, N. J. It gives quite a history 
of the graphite and pencil industry of the country and 
gives information which is useful for draughtsmen 
and other users of pencils. Several pictures in color 
are also given showing what can be done with col- 
ored crayons. 

A cloth bound catalogue of more than sixty pages 
is received from EF. Hennebohle, South Chicago and 
Hrie avenues, South Chicago, Dll. Practically every 
page contains some type of specialties manufactured 
by this company. Many of these specialties are 
adapted to marine work. Copy of the catalogue 
should be in the hands of everybody interested in 
steam goods. 

Lundell Motor Catalogue No. 58 is just at hand 
from the Sprague Electric Co., 20 Broad street, New 
York. It is 7 by 9 inches in size and bound in an ex- 
ceptionally effective cover of rich green paper, printed 
in red and gold. The catalogue comprises over seven- 
ty pages and is fully illustrated with the very best 
of engravings, and altogether is an exceptionally fine 
specimen of the printer’s art. It contains a great deal 
of valuable information regarding the subject of elec- 
tricity, together with tables and other information, 
making it a yaluable publication. A series of pic- 
tures is published showing the many special adapta- 
tions of motors to machine tools and other uses. 
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The Barnes Tool Co., New Haven, Conn., illus- 
trates and describes many tools especially adapted to 
many uses in the marine field in a catalogue just re- 
ceived. These include pipe and other wrenches, a line 
of sawing machines and steering wheels designed for 
vessels of all sizes and qualities. These wheels should 
receive the attention of every yachtsman. 
Various rubber goods manufactured by the Revere 

Rubber Co., 63 Franklin street, Boston, Mass., are well 
iNustrated and described in a set of a half dozen or so 
folders and catalogues about 3 by 6 inches in size. 
The packing catalogue should be in the hands of every 
user of packing, as it is not only neatly printed in two 
colors, but contains many illustrations of the various 
kinds of packing made. 
Improved lubricating devices manufactured by the 

Detroit Sheet Metal & Brass Works, Detroit, Mich., 
are fully described and very neatly illustrated in the 
catalogue just received. The cover is very dark green, 
printed in gold letters. There is a full line of lubri- 
eators, oil pumps and kindred devices shown, with in- 
cidental reference to a line of marine hardware, rafts, 
ventilators, ete. There is much matter valuable for 
reference in addition to the above, making the cata- 

logue exceedingly useful. 
The Norton patent ball bearing lifting jacks are 

fully described in a catalogue just at hand. A great 
many types of jacks are illustrated and much infor- 
mation is given regarding the subject in general and 
each type of jack in particular, and a number of testi- 
monials are reproduced. There are many uses for 
jacks in marine work, and those interested in the sub- 
ject should have a copy of this catalogue, which can 
be had by writing to the manufacturer, A. O. Norton, 
167 Oliver street, Boston, Mass. 

Calendars for 1899 Received. 

We are informed by the publishers of these calen- 
dars that copies can be had on application up to the 
limit of the supply. 

H. B. Leonard & Co., 141 Milk street, Boston, Mass., 
containing lithographed pictures of the many uses for 
“Brilliant” metal polish. 
West & Peachey, Simcoe, Ont., Canada, containing 

pictures illustrating the Alligator steam warping tugs 

manufactured by this firm. 
George I. Roberts & Bro., 471 Fourth avenue, New 

York, a colored lithograph representing the battleship 
Oregon pursuing the Cristobal Colon. 
George B. Carpenter & Co., 202-208 South Water 

street, Chicago, Ill., a fine 4 by 8 half-tone picture, 
with the busy sail-loft scene in this firm’s establish- 
ment. 
The William Powell Co., Cincinnati, O., printed in 

three colors and showing a valve, whistle and other 
specialties; also a large red star on a brass regrinding 
valve. 
American Steam Gauge Co., 86 Chardon street, Bos- 

ton, Mass., containing a very artistic color lithograph 
of two pointers hunting, and framed effectively in a 
gilt border. 
William Bishop’s Sons, 205 South street, New York, 

an embossed calendar in white and gold, containing 
an excellent picture of the Shakespeare Memorial 
building at Stratford-on-Avon. 
Dearborn Drug & Chemical Works, Rialto Building, 

Chicago, lll., two calendars, one large one containing 
a lithographed picture of old Fort Dearborn, the first 
building in Chicago; the other a small one, pocket size, 
printed in gilt on celluloid. 
La Favorite Rubber Manufacturing Co.. Paterson, 

N. J., with pictures of Perry packing and other spe- 
cialties, each month’s sheet having an excellent por- 
trait of some Naval Officer or General prominently 
identified with the recent war. 
American Manufacturing Co., 67 Wall street, New 

York, a very handy desk calendar, 5 by 7 inches in 
size, printed in blue and bordered with cordage, em- 
bossed and gilded. Inside the folder is much im- 
portant information regarding rope. 
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BUSINESS NOTES. 

LARGE SHIP CHANDLERY CONCERN.—NS. P. Blackburn 
& Co., ship chandlers, with stores in New York, Bos- 
ton and Philadelphia, have opened a branch house at 
502 East Lombard St., Baltimore, Md. 

SLicgHT CHANGE IN Name.—The Lackawanna Lubri- 
eating Co., of Scranton, Pa., has extended its busi- 
ness and changed its name to the Lackawanna Lu- 
bricator & Mfg. Co., in order to carry on a more ex- 
tensive business in manufacturing cylinder lubricators 
and grease cups. P 
More SHop Room.—The Morse Iron Works Co., foot 

of 26th St., Brooklyn, N. Y., has been so crowded with 
work that it has taken an adjoining warehouse for use 
as additional shop room. This increases its capacity 
very much and greatly improves its facility for rapid 
and efficient work. 

ReEeMoVAL OF Orricy.—The Philadelphia office of the 
C & C Electric Co. has been removed from 633 Arch 
St, to much larger and more attractive quarters at 
45 North 7th St. The office will remain in the hands 
of William Myers, who is well known to the many 
friends of this company. 
TuBE Expanpers.—The Ferguson patent self-feed 

roller-tube expander manufactured by A. L. Hender- 
er’s Sons, Wilmington, Del., is illustrated in the ad- 
vertisement of this company elsewhere. This firm 
also makes a line of hydraulic jacks and punches, pipe 
vises and other boilermakers’ specialties. 

CHANGE IN NAME ONty.—The business heretofore 
earried on by William Porter’s Sons, 271 Pearl St., 
New York, in all kinds of lamps and lanterns for ma- 
rine uses has been changed into a corporation under 
the name of William Porter’s Sons Co. This change 
became necessary owing to the large increase and ex- 
tension of the company’s business. 

An Economica VusseL.—The owners of the S.S. 
C. A. Black, 6,800 tons, believe her the most econom- 
ical freight carrier, not only on the lakes, but in the 
country. <A report of a recent test gave a consumption 
of 1.46 lb. coal per I. H. P. per hour. This efficiency 
is largely credited to the Howden hot draft, installed 
by the Detroit Dry Dock Co., Detroit, Mich. 

BuckLey WatER 'l'uBE BornER.—The Buckley water 
tube boilers, manufactured by the Rochester Machine 

_ Tool Works, Rochester, N. Y., have found extensive 
use in yachts and launches and have been put in many 
boats for the United States Government. The steam- 
ing and other qualities of these boilers are well shown 
in the circulars sent out by the company to all in- 
quirers. 

Meta PouisH.—Ayrolite is a metal polish which has 
found extensive use in marine trade because of its 
many features. The loss by evaporation on liquid pol- 
ishes and melting paste polishes is done away with. 
Ayrolite is used to polish brightly any finished metal; 
is guaranteed by its manufacturers free from acids, 
grease or grit, and not to injure even the finest ware. 
The sample package offered for 10 cents is believed to 
be equal to a pint of ordinary liquid polish. It is man- 
ufactured by the Ayrolite Co., 625 Second Ave., Pitts- 
burg, Pa. 
THE PAaracon Borter.—Reference has been made 

before in these columns to the Paragon boiler, manu- 
factured by Captain M. De Puy, 19 South St., New 
York, and to the record of the steam canal boat Para- 
gon propelling herself and towing ten fully loaded 

‘canal boats from Albany to New York, the weight of 
all the cargoes being 3,280 tons. We are now in- 
formed that the boiler has proved to be such a big 
steamer that the grate area has been reduced one- 
half. The draft has been more evenly distributed and 
improved by putting retarders in eighty of the upper 
tubes. The owners of the steamer Paragon haye a 
sister boat which, during a recent test of the two 
boats, burned 48 tons of soft coal in 30 days against 
16 tons for the Paragon, doing similar work. 
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Efficiency 
makes the value of the ‘*Heintz” 

Steam Trap—lots of others where 

you get more iron for your money 
lots of imitations, too—and some of 

them look almost exactly like the 

GG sleiraii”, © 

Every puff of steam you lose 

means a loss of more or less money- 

profits gone. Use the ‘‘ Heintz” on 

your outlets, wherever steam escapes, 

and you will have an increased boiler 

capacity. We have saved some con- 

cerns large sums—more than we dare 

say. Can save you something, too. 
The cost? Of little moment when 

traps are needed. Booklet ‘‘G ” tells 

the starting point. 

Get one from us. 

__ William S. Haines 
< Company, 

it 136 S. 4th St., Phila. 

“The Heitntz—the best—tho zt has imitators.” 

@I copyRIGHT, 1897, BY THE WHITMAN CO,, N. Y. 2 

Labor or Stcam 
wasted in your plant? Suppose you 

had a hundred men on your pay roll, 

and fifteen to thirty doing nothing— 

‘‘air punchers’”—how long before 

you would weed them out? Yet, 

that’s your proportion of loss in 

power when you run a plant without 

the ‘‘Heintz” Steam Trap. 

Automatic, silent, economical, 

lasts a lifetime. Only six parts be- 

sides the case—can’t wear out. No 

levers, floats, air valves or théories— 

just plain mechanics. Sent on thirty 

days’ trial on request. Booklet «« G 

William S. Haines 

Company, 

~ 136 South Fourth Street, 

i Philadelphia. 

“The Heintz—the best—tho’ it has imitators.’” 
21 COPYRIGHT, 1897, BY THE WHITMAN CO., N. Y. 3 
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Graphite 

Lubrication 
There i Ke : : here is no substance known so smooth or | ing Co., Richmond, Va., which was only formally or- 

so enduring as Dixon’s Pure Flake Graphite. 

covered. It is not affected by heat or cold, 
acids or alkalies. It is absolutely indispens- 

engineer. 

all oils or greases. 

Will cool bearings and stop ‘‘ groaning” or 
squeaking when all other lubricants fail. 

It will pay you to send for Sample 

and Pamphlet. No charge. 

JOSEPH Dixon GRucIBLE Co., Jersey City, N.J. 

PATENTS 
_— SECURED. 

Inventors desiring to secure full information in regard 
to the necessary course to pursue to obtain a patent, 
should send for our booklet on the subject. 

= TAILED FREE TO ANY ADDRESS. 

PATENT DEPARTMENT: 

THE POWER PUBLISHING CO.. 
WORLD BUILDING, NEW YORK. 

RIPARIAN RAINED LA AREAL 9 

REDUCING VALVES 
to control or reduce steam, 
water or air pressures. 

“MASON” 
Valves have had a world- 
wide reputation for years. 

Write for prices. 

THE MASON REGULATOR CO, 
BOSTON, MASS. 
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| tractive souvenir. 

} now in active work, 

} for branching out and filling any orders that may be 
: i received. 

able to every marine, stationary or locomotive | 
H whistle will be interested in the one-manufactured and 

F Z | advertised by the Kinsley Mfg. Co., Bridgeport, Conn. 
Largely increases the lubricating value of | 

} made and has been introduced into many of the best 
l yachts and steam vessels in the country. A 

f Thompson, U. 

# faction. 
| Daimler engine and hull. 

# Works, Rialto Building, Chicago, IIl., 
} a marine department, under the charge of HE. P. Gould, 
} a marine engineer of much experience. 
| the compound furnished for each case shall be adapt- 
H ed .to the needs of the ship, the company offers to 
f analyze without charge samples of water sent in 
} and to supply compound designed to overcome the im- 
| purities of a sample. 
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Aumy Boruers.—A fine steam yacht recently ordered 
y by D. W. & A. C. James, of the New York Yacht Club, 

fur- 
Provi- 

will have, among other features, Almy boilers, 
nished by the Almy Water Tube Boiler Co., 

} dence, R. I. 

A MINIATURE ANcHOR.—The Baldt Anchor Co., Ches- 
| ter, Pa., is sending out to its friends a model of the 
} Baldt stockless patent anchor, about 1 1-4 in. long. 

It is nickel plated and makes a very novel and at- 
All readers of Marine Engineering 

who wish one need only to send their name and ad- 
} dress and refer to this publication. 

Tur TrRIcG SHIPBUILDING Co.—The Trigg Shipbui!d- 

ganized a few weeks ago, has already begun work on 
It is the best solid: natural lubricant ever dis- | the three torpedo boats which it has contract for. 

The plant is in full working order and a full force is 
giving the company every facility 

QUARTET CHIME WHISTLE.—Hyery user of a Steam 

This is intended to be as musical a whistle as can be 

good 
sounding whistle is of such importance that all in- 
terested will no doubt want to investigate. 

AN Hrricient LAauNcH.—The Daimler Mfg. Co., Long 
Island City, N. Y., is in receipt of a letter from W. A 

S. Engineers’ Office, La Crosse, Wis., 
which says that a 21-ft. 2 horse-power Daimler launch 
purchased in 1893 has been used for nearly six years 
on work for improving: the Mississippi river and 
has been run about 25,000 miles with excellent satis- 

This certainly is a high compliment to the 

BoiterR Compounp.—The Dearborn Drug & Chemical 
have established 

In order that 

The purpose of the department 
is to reduce corrosion and injury to marine boilers 
to as low a point as possible, and as much attention 
is given to the seacoast as to the lakes. One of the 
formulae is designed especially to reduce the injurious 
qualities of salt water to a minimum when it is neces- 
sary to use this in a boiler. Further information re- 
garding the marine department can be had from the 
company. 

PROSPERITY AT Hee & HoLiuInGswortuH’s.—At a 

recent meeting of the Board of Directors of the Har- 
lan & Hollingsworth Co., Wilmington, Del., to fill the 

| vacancy in the office of president, caused by the death 
of the late J. Taylor Gause, H. T. Gause was elected 
president, H. W. Gause vice-president and secretary, 
and J. Rodney Gause to the vacant directorship. The 
above, with S. K. Smith, treasurer, and T. Jackson 
Shaw, superintending engineer, completes the 
Board of Directors. The following changes have also 
been made in the organization of the plant: W. EF. Car- 
nos, assistant superintending engineer; E. B. Sadtler, 
superintendent of hull construction; J. Rodney Gause, 
assistant superintendent of hull construction; Thomas 
Benson, superintendent of dock repairs. This com- 
pany has recently received a contract from the New 
York and Porto Rico S.S. Co. for a sister ship to the 
“Ponce,” and from the Red D Line for a twin screw 
freight and passenger steamer, 277 ft. long. During 
the year 1898 this company signed many contracts for 
vessels, making the record one of the best in its his- 
tory. A large amount of new machinery has recently 
been added to the establishment, and in every way 
the equipment of the whole yard has been brought up 
to a high state of efficiency. 
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LauncH Outrit.—A compact and convenient power 
plant for launches and other uses where a small power 
plant is required is advertised elsewhere by the Shortt 
Engine Co., 148 Liberty St., New York. Detailed in- 
formation can be had by inquiring of the company. 

Comp PRocEss oF GALVANIZING.—The U. S. Electro 
Galvanizing Co., 846 Broadway, New York, is finding 
many users of its cold process for galvanizing. In ad- 
dition to its commercial work, it is doing work for 
the U. S. Navy. This system widens the use of gal- 
vanizing. 

CLEAN O1L.—Lhe Famous oil purifier, manufactured 
by the Famous Filter Co., 314 North Main St. St. 
Louis, Mo., is used extensively in many manufacturing 
establishments, as well as by the United States Navy. 
This filter is guaranteed to extract impurities and is 
sent on 60 days’ trial. 

Two Finr Launcues.—The International Navigation 
Co. has ordered from the Marine Vapor Engine Co., 
Jersey City, N. J., two specially built 80-ft. launches 
equipped with 12 horse-power Alco engines, to be used 
as tenders for the S.S. New York, which is about to 
make a cruise through the West Indies with excur- 
sionists. 

CrumuisH HorGres.—We are informed that 46 per 
cent of the forges built by the Crumlish Forge Co., 
Buffalo, N. Y., in 1898 were supplied to shipyards on 
the lakes and along the seacoast. The demand for 
these forges has so increased that the company has 
moved to much larger and better equipped quarters 
at 18-20 Elk St. 

A Bie Castine.—The Penn Steel Casting & Machine 
Co., Chester, Pa., recently received an order for a rud- 
der for the S.S. Kensington. The casting, 28 1-2 ft. 
wide, weighing over ten tons, was ready in less than 
the fourteen days given in which to finish the work, 
demonstrating the capacity of this company to give 
prompt attention to the orders of this kind. 

Loss py I'rre.—Caskey Bros.’ foundry, Newport 
News, Va., was destroyed by fire last month, causing 
serious loss, especially as the company was full of 
orders at the time. The loss is placed at about $20,- 
000, covered by insurance. The company will un- 
doubtedly be able to resume business soon and be able 
to fill all orders for Caskey’s manganese bronze and 
white lining metal. 

for sale> 
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ZINC WHITE IN MARINE PAINTING. 

Within a few years after the discovery of the modern 
process for making zine white, the French naval authori- 
ties, after severe tests, ordered its use to the exclusion of 
white lead on the interior of all vessels of the French 
navy. Experience has confirmed its superiority for 
painting structures exposed to sea-air and sea-water, and 
the French navy as well as the French steamship com- 
panies now universally employ it, while it is also the 
official base for painting lighthouses and Government 
work on the seashore. The French Marine authorities 
also use it for painting galvanized iron plates, the hulls 
of torpedo boats, the shells of metal pontoons, etc. 

_ That the French nayy should have been earliest to 
adopt this practice is natural, since zine white was first 
generally introduced in France. But the naval authori- 
ties of the United States, having made their own experi- 
ments with the same results, have adopted zinc white as 
the fixed component of all paints used either in the Navy 
or by the Lighthouse Establishment. The famous ‘‘ White 
Squadron ’’ obtained its color from zinc white, and re- 
mained white because zine does not change color. Ten 
tons of American zine white is the cruising allotment for 
each ship, and it is used liberally and effectively. 

Similar testimony is found in the U. S. Lighthouse 
specifications, which require, for white, a mixture of one- 
fourth lead and three-fourths zine, and for tinted paints, 
American zine white and yellow ochre, with no lead. 
‘“The colored paints are wanted for outside use and are 
required to withstand the bleaching effects of salt water 
and sunlight.” 

The durability of zinc white is due to its chemical 
stability and to the large proportion of oil it carries to the 
painted surface. No other white pigment approaches it 
in this respect. It is the one white paint material that is 
capable of resisting salt water and salt air. Added to 
other materials it shields them and gives them durability. 

ADVI: NEW: JERSEY ZINC CO: 

Usrrut Noress is the name of a little pamphlet filled 
with information for transatlantic travelers and pub- 
lished by Pitt & Scott, 837 Broadway, New York. This 
firm is one of the best known tourist agents and pri- 
vate express companies, and long experience in this 
particular field has enabled it to know just what sort 
of information the intending traveler needs. It is a 
compact little book, to be carried in the waistcoat 
pocket. Copies can be had by applying to the firm. 

Who has a copy of Marine Engineering of this date 

Marine Engineering, World Building, New York. 

Every man interested in marine work should have at hand the best books devoted 

to the latest developments in engineering as applied to marine work. 

Marine Engineering can supply them at market rates. 

Over. 

Weston Standard Portable Direct Reading 
Voltmeter. 

WESTO STANDARD 
. PORTABLE 

DiRECT READING 

VOLTMETERS, AMMETERS, MILLIVOLTMETERS, VOLTAMME- 
TERS, MILLIAMMETERS, OHMMETERS, PORTABLE 

GALVANOMETERS, GROUND DETECTORS 
AND CIRCUIT TESTERS. 

Our Portable Intruments are recognized as THE STANDARD the world 
Our VOLTMETERS and AIMIMETERS are unsurpassed in 

point of extreme accuracy and lowest consumption of energy. 

WESTON ELECTRICAL INSTRUMENT CO., 
114-120 William St., NEWARK, N. J., U.S. A. 
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GERMAN BUILDER CLAIMS THE FASTEST 

VESSEL AFLOAT—35.2 KNOTS. 

Another claimant for the honors of the fastest ves- 

sel afloat has appeared in the famous German builder, 

F. Schichau, of Elbing, who has turned out a torpedo- 

boat destroyer with the astounding rate of speed of 

35.2 knots. An account of this boat, together with a 

photograph taken at the maximum speed, are here 

reproduced from our German contemporary Ueberall. 

From the photograph one would hardly get the im- 

pression that the boat was traveling at such high 

speed, for there is but little noticeable change of trim 

lish trial torpedo boat “Turbinia,” built last year, which is 

said to have reached a speed of 32.75 knots. This boat is 

equipped with three steam turbines, each of which drives a 

shaft with three propellers, making a total of nine pro- 

pellers. This great number of propellers is rather cumber- 

some, but the greatest disadvantage of the “Turbinia” lies 

in the fact of her inability to make any speed going astern. 

The torpedo-boat ‘destroyer shown above, photographed 

during its highest rate of speed, belongs to a series of four 

boats built for the Chinese Navy by F. Schichau, of Elbing, 

last summer. Each boat has twin triple-expansion engines, 

each driving one propeller. Fully equipped, and with 67 

tons of coal on board, these Schichau torpedo-boat destroy- 

ers made a speed of 33.6 knots, which is one knot faster than 

the “Turbinia” whcn the latter was light, and the Schichau 

and none of the “fuss and feathers” which generally 

marks high speed runs. In land miles the speed is 

equivalent to 40.55 miles an hour, or little less than 

many limited railroad trains. A translation of the 

article reads: 

Since the appearance of the first torpedo boats, 20 years 

ago, the speed of this type of boat has been increased the 

rate of about a knot a year. The first small English torpedo 

boats did not make more than 15 knots, and to-day the latest 

torpedo-boat destroyers built in Germany have reached a 

speed of 35.2 knots. The foreign built boats of the same 

class built in 1898 on the contrary have barely exceeded 

30 knots on their trial trips, with the exception of the Eng- 

\ \ CHINESE TORPEDO-BOAT DESTROYER, WITH RECORD OF 35.2 KNOTS—LIGHT. 

boats ran 35.2 knots when light, exceeding the speed of 

the “Turbinia” by 2 1-2 knots. The speed of 35.2 knots per 

hour represents a speed of 65.2 kilometers, and on the con- 

tinent there are in Germany only eighteen, in Austria and 

France three each, and in Belgium only one express train 

which exceed this speed. 

The latest results have demonstrated that the German 

builders have at last succeeded in outstripping all foreign 

competition in the construction of these speedy boats. 

It will be some consolation to the navies of the 

civilized powers that these boats are for China. With 

Chinese crews and Chinese methods it is doubtful if 

the trial speeds will be attained in actual service. 

Copyright, 1899, by Aldrich & Donaldson, New York. 
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SLIP AND ITS RELATION TO THE PROBLEM OF 

SCREW PROPULSION. 

BY EDMUND LEAVENWORTH. 

(Second and last Installment.) 

So far as there is any agreement among engineers 

and writers on this subject, the definition given in the 

concluding paragraph (c) of the first installment of 

this article (page 16, January, 1899, issue)—that given 

by an equality of developed thrusts—is the one im- 

plied in the use of the word slip as applied to a pro- 

peller working in a variable stream such as the wake. 

INFLUENCE OF SLIP ON THE PERFORMANCE OF THE PRO- 

PELLER. 

Having now shown what slip is, both in its simple 

and more complex aspects, let us proceed to a discus- 

sion of the influence of slip on the performance of the 

propeller. 

We should now recall that the fundamental purpose 

of the propeller is to gain a propulsive thrust by giving 

to the water in which it works a sternward motion. 

Furthermore, the amount of such thrust will increase 

with the amount of water acted on, and with the 

change in its velocity. Hence, with the same amount 

of water acted on the greater the change or slip of the 

water the greater the thrust, and as the slip of the 

water and that of the propeller increase together, it 

follows that the greater the slip of the propeller the 

greater the thrust developed. This is illustrated in 

Vig. 1, which shows the nature of the relation between 

Thriast 
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Fig. 1 

thrust and true slip, the speed being constant and the 

change in slip being produced by a change in reyolu- 

tions; or again in Fig. 2, which shows the nature of the 

relation between thrust and true slip, the revolutions 

being constant and the change in slip being produced 

by a variation in speed. It thus appears that if a 

given thrust is desired it may be obtained by acting 

on a small amount of water with a large slip, or a 

large amount with a small slip, or by any intermediate 

eombination of amount and slip which shall produce 
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the necessary thrust. It follows further, since the 

amount of water acted on varies directly with the size 

of the propeller, that a given thrust may be obtained 

‘with a large propeller working at a low slip, or a small 

one at a high slip, or by intermediate combinations of 

size and slip as may be necessary to produce the thrust - 

desired. The important point is to remember that size 

may be exchanged for slip and vice versa. ; 

But the effect of slip on thrust is not the only in- 

fluence with which we are concerned. 

It is the duty of a propeller not only to develop a 

propulsive thrust, but to do so with the minimum ex- 

penditure of turning effort, and to drive the ship 

through the water with the minimum expenditure of 

TRrts 6 
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power in the engine. The question of efficiency is thus 

introduced. ‘The idea fundamental in this term is a 

ratio of returns to investment. So far as the propeller 

is concerned, it is the ratio of the useful work (thrust 

multiplied by distance traveled) to the work absorbed 

by the propeller. The distance traveled may have two 

meanings, however, according as: we consider the mo- 

tion of the ship through the surrounding water, or 

that of the propeller through the wake. But, as al- 

ready shown, these two speeds subtracted from the 

product p N (pitch multiplied by revolutions) deter- 

mine the two kinds of slip, apparent and true. It is, 

therefore, clear that the useful work and the efficiency 

will depend on the slip, and that there will be two 

kinds of efficiency, apparent and true, corresponding 

to the two kinds of slip. When not otherwise stated, 

the true. slip and the corresponding true efficiency will, 

in the present article, be always understood. 

The nature of the relation between slip and effi- 

ciency is shown graphically in Fig. 8. For A B the 

best efficiency is about 69 per cent, which is seen to 

occur at about 22 per cent slip, while for C D the same 

best value is found at about 20 per cent slip. These 

eurves are characteristic of the relation between effi- 

ciency and slip. For low values of the slip the effi- 

ciency is very low, but increases rapidly as the slip 

increases, until a maximum value is reached, usually 

somewhere about 20 per cent slip. From this point 

the efficiency falls off more slowly as the slip in- 

ereases, as Shown by the curves from E to B and D. 

The causes of this complicated relation between slip 

and efficiency are beyond the limits of the present arti- 

ele. The important points are that the efficiency does: 
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not necessarily increase with a decrease of slip, as is 

so often believed to be the case, and that very low 

values of the slip are not desirable because they will 

necessarily be accompanied by very low efliciencies. 

As another point deserving special attention, mention 

may be made of the fact that the efficiency varies but 

slowly when near its maximum yalue, and hence a 

moderate change in the slip may be allowed without 

seriously changing the efficiency. The slip might thus, 

for example, be considerably increased with a corre- 

sponding reduction in size of propeller and with a rela- 

tively small sacrifice in efficiency. It must not be 

forgotten, as before noted, that Figs. 1-3 and the ac- 

companying remarks relate to the true slip, which is 

usually from 5 per cent to 15 per cent greater than 

the apparent. 

NEGATIVE SLIP. 

Perhaps no feature of the present subject has ex- 

cited at one time and another more discussion than 

that of negative slip. This has been due in great meas- 

ure to a lack of understanding of the phenomenon 

Ltticiency 

Slip tre per cent. 
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really in question, as well, doubtless, as to errors in 

data and measurement. 

In the first place, it should be clearly understood 

that when reports of negative slip have been made, 

that it is the apparent and not the true slip which is in 

question. Failure to appreciate this lies at the root 

of most of the misunderstanding on the subject. The 

question is then simply, under what circumstances 

might we expect an apparent slip of zero or negative 

value? Remembering the relation between these quan- 

tities as expressed in (2) it may be readily seen that 

this will be the case when the true slip is equal to or 

less than the wake. If, therefore, the circumstances 

soould be such that the true slip were quite small or 

the wake quite large, we might expect a negative ap- 
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parent slip, not as anything remarkable or astonishing, 

but as a simple and natural result of the relations be- 

tween the true slip and the wake. We have already 

seen that size of propeller and slip are mutually in- 

terchangeable, and in fact within limits a propeller 

may be designed to propel a given ship with any speci- 

fieu value of the true slip. If, therefore, the propeller 

is of appropriate diameter and revolutions, the true 

slip may be reduced to a small value such as 8 or 10 

per cent, and with an ordinary value of the wake 

for single screw ships we should expect in such case 

a negative apparent slip. 

As indicated by the curves of Fig. 3, however, the 

efficiency at such small values of the slip is very poor, 

so that it is always undesirable to work under these 

circumstances, and it may therefore be accepted as a 

general rule that a negative apparent slip always 

means a very inefficient performance. 

Let it be understood, then, that negative slip always 

refers to apparent and not to true slip, and that there 

is nothing in the least mysterious or remarkable in the 

appearance of such a result under the proper circum- 

stances. Again, there has often 

been great uncertainty in'the 

proper measurement of pitch and 

in the determination of slip, espe- 

cially in the case of propellers with 

variable pitch. As discussed in the 

foregoing, a mean may be taken in 

various ways, and there is no gen- 

erally accepted method. Many 

cases of reported negative slip 

may be thus due in part or in 

whole to errors in measurement, or 

to the lack of a proper basis for 

the reduction of variable pitch to a 

mean value. Again, the influence 

ot the rounded back on the per- 

formance of the blade, and espe- 

cially on the question of its effect- 

ive pitch, is a subject not yet 

worked out. But a full discussion 

of these phases of the question is 

beyond our present limits. It is 

enough to remember that, basing 

our ideas of pitch and slip simply 

on the geometrical measurement 

of the driving face, there is no rea- 

son under proper circumstances, 

as described here, why the appar- 

ent slip should not become zero or even negative in 

value. If it appears as an objection that the ship goes 

faster than the propeller, or that in some way the con- 

servation of energy is violated, it should be clearly 

understood that negative apparent slip arises wholly 

from the existence of a wake, and that the perform- 

ance is fully paid for at the engine and ata higher rate 

than would be the case were the slip greater in value. 

The reason for the practical disappearance of nega- 

tive slip under modern conditions is that propellers 

are rarely so large or so designed otherwise as to give 

the necessary thrust with a true slip as small as 8 or 

10 per cent. Instead, such values as 20 to 25 or 30 per 

cent are more common, giving values of from 10 to 20 

or 25 per cent for the apparent slip. 
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SPECIAL GOVERNMENT VESSELS—THE ARMY 
TRANSPORT “GRANT’’ AND SISTER SHIPS. 

BY WILLIAM A, FAIRBURN. 

Among the vessels secured by the War Department 

during the progress of the Hispano-American war for 

the transport of troops was the entire fleet of first- 

class ocean steamships of the intermediate type 

owned by the Atlantic Transport Line. These ves- 

sels were purchased outright, and at the close of hos- 

tilities, when the Government decided to retain a 

number of vessels in permanent service as transports, 

the former Atlantic liners were included among the 

vessels so selected. 

The fleet purchased included seven modern steel 

vessels which had been in the London and New York 

trade. Of these, five are sister ships, viz., Mobile, 

Mohawk, Massachusetts, Manitoba and Minnewaska, 

and the other two smaller vessels are respectively 

named Mississippi and Michigan. These ships are 

comparatively new, and all were built at the yard of 

Harland & Wolff, at Belfast, Ireland. When the deci- 

sion to retain the vessels permanently in service as 

transports was reached contracts were awarded to 

various shipbuilding firms for the rebuilding and re- 

fitting of the vessels of the Mobile class. Although 

the contract prices for this work vary from $83,000 

to about $100,000, yet the total amount of work done 

on these vessels, including all machinery repairs and 

hull extras, cannot fall short of $130,000 per vessel. 

The Wm. Cramp & Sons Ship and Engine Building 

Company, of Philadelphia, Pa., have rebuilt the Mo- 

bile. The Bath Iron Works, Ltd., of Bath, Me., have 

completed the work on the Mohawk. J. N. Robins 

Co., of the Hrie Basin Dry Docks, Brooklyn, N. Y., 

have repaired the Massachusetts, and the Newport 

News Shipbuilding and Dry Dock Company, of New- 

port News, Va., secured the order for rebuilding the 

-Manitoba. The contract for refitting the Minnewaska 

at the time of writing has not been awarded. These 

five vessels being sister ships are practically all alike 

and all have been similarly refitted and rebuilt, so 

that a description of any one of the completed vessels 

will serve for all. 

The service maintained by the Atlantic Transport 

Line with this fleet of steamers included passengers, 

eargo and live stock, and an extensive trade was also 

done in dressed beef, carried in refrigerating cham- 

bers. The passenger accommodation on each ship 

was very limited in extent, and there was only one 

elass (cabin), each vessel having accommodation for 

fifty-two first class passengers in the bridge house 

amidships. Ina few months a great change has been 

wrought in these vessels, and the not over-clean cattle 

steamers of the Atlantic Transport Line have now 

been converted into handsome, efficient transports, 

clean, staunch and pleasant to inspect and live on. 

And yet one must remember that a thorough cleaning 

and painting is responsible for a great deal of this 

change, and as cattle steamers these vessels of the 

Atlantic Transport Line were just as capable of 

battling with the elements and were just as efficient 

and suecessful in the work for which they were de- 

signed and built as they are now as United States 

transports. 
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GENERAL CHARACTERISTICS. 

The principal dimensions of these vessels are: 

engthioveriall Pesan eae eee ote eee 460 ft 

Length between perpendiculars................. 445 ft. 

Be@am see aete esac eae eae eee Oe eC E CTS 49 ft. 

Moulded depth at side to spar deck............. 41 ft. 6 in. 

Moulded depth at side to main deck............ 34 ft. 

They are steel, spar-decked, twin-screw steamers 

with four decks, viz., spar, main, ’tween and orlop. 

As cattle steamers the spar deck was portable at the 

four main hatches and cargo ports. A bridge deck 

amidships was uncovered and served as the passen- 

gers’ promenade deck; the chart house and bridge 

being at the forward end. The tonnage of these ves- 

sels while engaged in merchant service was: 

Gross-tonNage saya s ae Toe eee eae eee 5,780 tons. 

Nettonnage seston oe a ene EAC EEE 3,725 tons. 

Underideckitonnaze eee en een eee eee eee Eee EEE EEEDscoolLOnSs 

Ata draught of 26 ft. they carried a little over 7,200 

tons dead weight, and their light draught, with water 

in boilers, steam up, but no cargo, coal, water or 

stores, was about 12 ft. 3 in. The freeboard assigned 

these vessels, measured from the statutory deck line, 

was: Summer freeboard, 8 ft.; Winter freeboard, 

8 ft. 6 in.; Winter North Atlantic, 9 ft.; and in Fresh 

Water and Indian Summer, 7 ft. 6 in. 

As transports their light draught is about 13 ft. and 

the displacement about 5,400 tons. When loaded to 

15 ft. draught the displacement is 6,450 tons; at 20 ft. 

draught it is 9,000 tons; and at the extreme load 

draught of 26 ft. the displacement is about 12,200 

tons. 

These vessels have a double bottom extending from 

the forward collision bulkhead as far aft as is prac- 

ticable, and there is also a trimming tank at each end 

of the vessel. The total capacity of the double bot- 

tom is 1,100 tons of water, and the total capacity of 

the two peak trimming tanks is about 125 tons. The 

double bottom is divided up into seven tanks, fore and 

aft, the two under the machinery carrying together 

217 tons of fresh water. The three under the forward 

holds carry collectively 600 tons of sea water, and the 

two under the aft holds have a carrying capacity of 

283 tons of sea water. Fresh water can now be car- 

ried in all the tanks of the double bottom. The holds 

of these vessels, i. e., all the space up to the orlop 

or lowest continuous deck, will be used for cargo, 

stores, coal and munitions of war, whichever the spe- 

cial circumstances demand. The capacity of these 

hold spaces is 149,000 cu. ft. The transports have also 

eight watertight complete transverse bulkheads, and 

therefore the hold spaces and all the ’tween-deek liv- 

ing spaces up to the main deck are divided into five 

watertight compartments. By means of watertight 

doors one can walk from the forward collision bulk- 

head to the after peak bulkhead on all the decks 

except the orlop, without any obstruction, provided 

the coal bunkers are not full. This may be a great 

convenience, but if any serious accident befall these 

vessels when loaded there is the possibility of this 

convenience leading to a most disastrous end. The 

troops are berthed on the ’tween and orlop decks; 

therefore these two decks are now known as the upper 
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and lower berthing decks. ‘The main deck is desig- 

nated the mess deck, and here, forward and aft, the 

soldiers will be fed, while ’midship the majority of the 

ship’s complement will mess. The spar deck is the 

soldiers’ weather or promenade deck, though con- 

siderable lounging will probably be done on the main 

or mess deck, as four large double and two single 

Swinging side ports on each side of the ship—which 

will be always open in good weather—will make both 

the air and light on this deck very agreeable. 

The cubical capacity of the orlop deck berthing 

space is 73,400 cu. ft., and that of the ’tween-deck 

berthing space 103,250 cu. ft. The store rooms and 

the magazine below the main deck have a capacity of 

4,000 cu. ft., excluding all the refrigerating spaces. 

The cold storage rooms or refrigerating spaces are 

located just abaft the engine room on the orlop deck 

and on a flat below it. The capacity of these spaces is 

32,250 cu. ft. Pulverized charcoal is used for the in- 

sulation of all these spaces. 

These vessels had originally seven cargo hatches, 

excluding the meat hatch, but the aft hatch and the 

meat hatch have been closed up in rebuilding. There 

are now six hatches from the spar deck to the hold: 

No. 1 is about 10 ft. by 12 ft. 6 in., No. 2 is 21 ft. by 

13 ft. 6 in., No. 3 is 15 ft. by 13 ft., No. 4 is 9 ft. by 

10 ft., No. 5 is 14 ft. by 12 ft. and No. 6 is 12 ft. 

square. ‘The first dimension in each case is the fore 

and aft dimension. Four of these hatches are for- 

ward of the bridge house and two are abaft it. <A 

large double drum steam winch is located at each 

hatch. Large wooden portable booby hatches are 

placed on each hatch on the spar or weather deck. 

These boobies occupy in area on an average about 

one-half of the hatch space and from them two pairs 

of 48 in. portable stairs with rubber treads lead to 

the decks below. There is full head room in all of 

these booby hatches. Galvanized iron pipe railings 

are worked around all the hatches on the mess and 

berthing decks and similar railings are placed on all 

the stairs. The parts of the hatches on the spar deck 

not occupied by the boobies are fitted with the usual 

hatch covers and tarpaulins. Galvanized close-link 

chain (5-16 in.), with a suitable number of portable 

wrought iron stanchions, which slip over the hatch 

bar irons, form a satisfactory life line around the 

spar deck hatches when the boobies and hatc.. covers 

are removed for ventilation, etc. The booby hatches 

have been made portable and they are arranged so as 

to stow on the skid beams. <A small booby hatch is 

located forward and a similar one aft, so as to give 

access to all the spaces below, when the stairs are 

all removed from the main hatches and the cargo is 

being taken on board. 

Each vessel has four steel pole masts, all with a 

rake of 1 3-4 in. per foot. The trucks of the fore, 

main and mizzen masts are 142 ft. above the bottom 

of keel, while that of the jigger mast is 127 ft. There 

are in all twelve large cargo derricks or booms, the 

average size of these being 45 ft. long and 12 1-2 in. 

dia. The appliances for the rapid handling, loading 

and discharging of cargo are such as are found only 

on modern first-class money-earning vessels. 
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These transports haye eleven boats and eight metal- 

lic life rafts each. Seven of the boats are 27 ft. life 

boats, with a beam of 8 ft. and a depth of 3 ft. 4 in. 

Two of the boats are 20 ft. working boats and the 

other two are 380 ft. steam launches, built by the Gas 

Engine and Power Company and Seabury Consoli- 

dated, of New York. ‘Three of the 27 ft. life boats 

and the two 380 ft. launches are carried on heavy 

wooden skid beams above the spar deck. The re- 

mainder of the boats are carried on the hurricane 

deck amidship and the life rafts are carried on the 

top of the spar deck lavatory aft. Each vessel is 

fitted with three large wooden side ladders and eight 

rope Jacob’s ladders with wooden treads, all of which 

lead from the weather deck to the high water line. 

ACCOMMODATION OF SHIP’S COMPLEMENT. 

The seamen’s quarters are located forward, there 

being a room on the main deck starboard side with 

eighteen berths and one on the *tween deck at the 

extreme forward end with sixteen berths. The total 

number of berths for seamen is therefore thirty-four. 

The firemen and coal passers have a room on the 

main deck forward, port side, which contains fourteen 

berths, and also one on the ’tween deck just abaft 

the seamen’s quarters containing twenty berths; the 

total number of firemen and coal passers’ berths being 

thirty-four. All these rooms are airy, well lighted and 

commodious. The oilers and water tenders have a 

room on the main deck forward, starboard side, con- — 

taining ten berths. <A large room on the port side of 

this deck with twelve berths is used by the mess boys. 

Just forward of it is a room with six berths for the 

scullions. A room with four berths for the ship’s 

quartermasters or wheelmen, and rooms with two 

berths each for the carpenters, boatswains and don- 

keymen, are located on the main deck, port side, be- 

tween the secullions’ room and the firemen’s quarters. 

The ship’s officers’ accommodation is located in the 

after part of the bridge house. Staterooms are here 

fitted for the first officer, second officer, third and 

fourth officers, steward, doctor, chief engineer, first 

assistant engineer, second and tuird engineers, fourth 

and fifth engineers, sixth engineer, electrician and 

refrigerating engineer, and two cooks, and a four- 

, berth room is used by the bakers and assistant stew- 

ards. The officers’ mess room is located on this deck 

just abaft the engine room casing. The captain’s 

room is located alongside the chart house on the 

bridge deck forward, and the top of these two rooms 

forms part of the flying bridge which runs out to the 

side of the vessel. 

TROOPS’ BERTHING ACCOMMODATION. 

On the ’tween decks there are five compartments 

used for berthing the soldiers. Three are forward of 

the machinery space and two are abaft it. On the 

orlop deck there are only four compartments used for 

this purpose, as compartment No. 5 is part of the re- 

frigerating space. The following figures give the num- 

ber of berths in each space on the transport Mohawk: 

The total number of berths on this vessel used for 

the accommodation of troops is therefore 2,118. This 

figure may vary a little from the other vessels, as the 
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location of web frames is not the same on all these 

ships, and the Mobile has smaller berths than her sis- 

ters. The total number of berths on the Mobile is 

2.136, but the larger berths, as fitted in the Mohawk, 

have been adopted as the standard. ‘These berths are 

neatly made of galvanized pipe, three high. They are 

portable, and the stanchions fit into a flush socket in 

the deck—a brass fitting tapped into the deck from 

the under side—and into a hole in a heavy wood bat- 

ten located on the deck above. The lowest berth is 

Orlop Deck. No. of Compartment, Tween Deck. 

1 144 180 

2 276 276 

3 264 264 

4 249 Heio 

5 267 198 

Total 1,200 918 

about 8 in. above the deck and the others are 24 in. 

apart. The single berths are 77 in. by 25 in. centers. 

The double berths are 77 in. by 50 in. centers, and the 

double berths in way of stanchions are 53 in. wide. 

The decks are all steel in the troops’ berthing spaces 

and they are not sheathed with wood, neither are they 

covered with linoleum. Wood gratings in the passage 

ways between the berths are being tried as an experi- 

ment, and if found satisfactory they will probably be 

adapted throughout. Some covering on the iron deck 

is absolutely essential for comfort, and cork, carpet, 

linoleum or wood should certainly be adopted. 

REGIMENTAL OFFICERS’ ACCOMMODATION. 

There are twenty-four large, pleasant staterooms 

for regimental officers on the bridge deck in a new 

wooden house built around the engine and fire room 

hatches. There are also twenty-one roomy state- 

rooms on the spar deck in the bridge house, which 

were formerly used for the accommodation of the pas- 

‘sengers. All of these rooms have two berths each, a 

large, full-sized lounge or upholstered seat, washbowl 

and the usual stateroom furnishings and fittings. 

This makes berthing accommodation for ninety offi- 

cers, and if the seats are used as berths sieeping ac- 

commodation can be provided for 137 regimental offi- 

cers, for in two of the largest rooms the back of the 

seats will swing and form a berth. The quartermas- 

ter’s office is in the forward part of the house on the 

bridge deck just abaft the captain’s rooms; it contains 

desks, writing tables, bookcases, lockers, a large type- 

writer, copying press, ete. The quartermaster’s state- 

room and the rooms for his clerks are also located in 

this house, well furnished and complete in all their 

appointments. 

TROOPS’ MESS ACCOMMODATION. 

The mess tables on the Mohawk—and her’ sister 

ships are fitted in a very similar manner—are of ash, 

1 1-4 in. thick, with wrought iron legs. and braces. 

They are 96 in. long and 27 in. wide. Each table has 

two ash benches, 18 in. high, 96 in. long and 10 in. 

wide. On the forward mess deck twenty-five tables 

are fitted, with a total seating capacity of 250 men. 

On the aft mess deck there are fifty-five tables, which 

will seat 550 men. The total number of mess tables is 
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therefore eighty, and the total seating accommodation 

is for S00 men. These mess tables stow in bails over- 

head between the beams and in racks on the bulk- 

heads. 

REGIMENTAL OFFICERS’ DINING SALOON. 

The regimental officers use the old ship’s cabin or 

main saloon as their dining room. In this saloon there 

is seating accommodation for about forty-eight people, 

but the tables are arranged differently on the different 

vessels. This room is elegantly furnished. <A piano 

is located at the aft end, and the room has been prac- 

tically unchanged, the upholstering and furnishings 

being the sameas they were when the room was used 

for the accommodation of cabin passengers in the 

transatlantic trade. 

MESS ROOMS FOR THE SHIP’S COMPLEMENT. 

The ship’s officers’ mess room is in the after part of 

the bridge house, but all the petty officers and crew 

mess in rooms on the main deck amidship abreast the 

machinery casing. The forward mess room on the 

port side is for the seamen. Here there are two tables 

and twelve stools. Aft of this room is the firemen and 

coal passers’ mess room, with tnree tables and sixteen 

stools. Then comes the petty officers’ mess room, with 

one table and six stools, and aft of all is the oilers 

and water tenders’ mess room, with one table and six 

stools. On the starboard side is the stewards’ mess 

room, with two tables and thirteen stools. The total 

number of tables in the rooms on the mess deck 

‘midship for the ship’s complement is therefore nine, 

and the seating capacity is fifty-three men. 

HOSPITAL BAY. 

The hospital bay is located on the main deck aft. 

It extends from the aft mess space to the extreme aft 

end of the ship. About thirty double beds are located 

in the hospital, which is 57 ft. long and 88 ft. wide. 

In the lazarette are bath rooms and water closets, 

opening from the hospital, and at the forward end is 

the dispensary, doctor's office, kitchen and store room, 

and two nurses’ rooms. The floor of this room is coy- 

ered with cork carpet, and the hospital is well lighted 

and ventilated. a large trunk hatch, 10 ft. square, 

fitted with a skylight on top, leading from the deck 

above. 

LAVATORIES, WATER CLOSETS AND BATH ROOMS. 

One of the most important features of a successful 

transport is the fitting of an adequate number of wash 

bowls and water closets. In these vessels this essen- 

tial has been given great thought, and the result is 

most gratifying. A large lavatory is fitted forward, 

between the crew’s quarters and the soldiers’ forward 

mess room on the main deck. The floor is covered 

with asphaltum and cement panels, and here thirty 

water Glosets with flushometer valves, fifteen urinals, 

six shower baths and sixty-one wash bowls are located 

to good advantage. The aft lavatory is on the spar 

deck, just forward of the wheel house. This is fitted 

in a similar manner to the forward lavatory, and in 

it are located twenty-eight water closets, thirty uri- 

nals, thirty-three wash bowls and eight shower baths, 

two of the latter being in separate rooms for the offi- 
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cers.* Other water closets, tub baths and wash bowls 

are located throughout the vessel where most desira- 

ble. Large mirrors are placed over all the wash bowls 

in both lavatories, and these rooms have a rich, expen- 

sive appearance quite different from what one would 

expect on board an army transport. 

GALLIES AND PANTRIES. 

The coal galley on these vessels is about 21 ft. by 

8 ft. Gin. It is fitted complete with ovens and ranges 

of ample capacity. The steam galley is a very large, 

commodious room on the main deck, starboard side, 

amidship. It is 35 ft. long and 9 ft. wide, and is fitted 

with eight large kettles and two urns. A _ scullery 

about 14 ft. long and 9 ft. wide is fitted just aft of the 

steam galley, and a large pantry with about 100 sq. ft. 
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. VENTILATION. 

Each vessel is fitted with a very complete ventilating 

system. [Four large steam fans are located on the 

spar deck. Air heaters, coolers and cleansers are pro- 

vided. Galvanized iron ducts rectangular in section 

deliver air to all spaces occupied by troops, hospital, 

gallies, saloon, pantries, mess rooms, forecastle and 

all sleeping rooms except those on the bridge deck. 

ELECTRIC PLANT, ETC. 

The vessels are beautifully illuminated, and at night 

the living spaces are as light as day. Hach vessel has 

600 16 C. P. electric lights. The old British electric 

generators have been rewound for 110 volts, and the 

vessels have been rewired throughout and converted 

U. S. TRANSPORT GRANT—SHOWING TRIPLE-TIER BERTHING ARRANGEMENTS. 

of floor space is fitted just aft of the main saloon or 

officers’ dining saloon. This pantry is fitted with an 

8 ft. steam table, two urns, dressers, ice box, ete. In 

the hospital kitchen aft there are two cereal cookers, 

a5 ft. steam table and two urns. A small room opens 

from the ship’s officers’ mess room, for washing dishes, 

and a room is used for a similar purpose just abaft 

the saloon pantry. <A large bakery is located in the 

bridge house on the port side amidship, well equipped 

with bins, lockers and an electric kneading machine. 

Each vessel has large linen and store rooms for the 
steward’s department. 

to the double wire system. A new dynamo and engine 

has been furnished by the U. S. Government, and this 

is located in a new electric generating and store room 

on the main deck port side amidship. <A sear¢éh light 

has been placed on a platform built above the bridge 

forward. All the spaces below the weather deck are 

painted white. A first class distilling plant has been 

fitted, and large tanks with brine coils are provided 

for troops’ cold, fresh drinking water. 

FITTINGS IN GENERAL. 

Awnings of No. 4 cotton duck have been provided to 
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cover the entire length of the ship. These awnings are 

placed about 4 ft. above the hurricane deck and also 

over the skid beams. 

The outfit of these vessels, boats, rafts, life pre- 

servers, buckets, also fire connections, hose, ete., are 

supposed to cover all the requirements of the U. S. 

steamboat inspection rules for passenger ships. 

Musket racks are fitted in all the troops’ berthing 

spaces, with a total capacity equal to the number 

of berths. These racks have a locking device, and 

they are placed above a rectangular air duct at the 

sides of the vessel. 

PROPELLING MACHINERY. 

The propelling machinery of these vessels is of the 

usual type fitted in vessels of this class at the time 

these vessels were constructed. The total length occu- 

pied by the machinery is 80 ft., and of this space 25 ft. 

is devoted to the engine room. Aft of the engine room 

is a recess 10 ft. long and about 8 ft. high and the 

width of the engine room, in which the thrust bear- 

ings and two’ old dynamos are located. 

* Hach vessel is propelled by twin screws with triple- 

expansion engines and three cylinders, each working 

on its own crank. The cylinders are not directly con- 

nected to each other, and the high pressure is located 

forward and the low pressure aft.. ‘The cylinders are 

22 1-2 in., 36 1-2 in. and 60 in. dia., with a stroke of 

48 in. 

pressure cylinders extend up through the cylinder 

head and form tail rods. The high pressure cylinder 

has a piston valve, and the others are fitted with slide 

valves. 

The hull of the vessel is built out to the shaft struts 

aft. 

Steam is supplied by two double-ended and two 

single-ended Scotch boilers at 175 lb. working pres- 

sure. On their trial trips in the light condition these 

_vessels are reported to have attained a speed of 138 to 

13 3-4 knots per hour, but at the present time in actual 

service the speed of these vessels will vary from 10 

knots loaded to about 12 knots light. The piston speed 

is very low, the maximum being only about 550 ft., 

and at this speed the two engines together will indi- 

eate about 8,000 I. H. P. In actual service 60 revo- 

lutions and 480 ft. piston speed is all that can be 

obtained. The auxiliaries on these ships are so numer- 

ous, and such great steam consumers, that fully one- 

fifth of the boiler power will at times be required for 

the auxiliaries. The coal bunker capacity is 900 tons, 

and the vessels burn about 60 tons of coal per day at 

full speed. 

The machinery of all of these vessels is not in first- 

elass condition, but probably all the defects will in 

time be remedied, and careful management and run- 

ning will prevent a repetition of the condition of af- 

fairs which existed at the time these vessels were sent 

to private shipbuilding yards to be rebuilt and refitted. 

The War Department has recently decided to name 

these vessels after famous generals, and the ‘Mo- 

hawk” will now be known as the “Grant,” the ‘Mo- 

bile” will be called the “Sherman,” the ‘‘Massachu- 

setts” will be renamed the ‘Sheridan,’ and the 

“Manitoba” and “Minnewaska’’ will probably be 

ealled the ‘‘Logan” and ‘‘Thomas” respectively. 

The piston-rods of the intermediate and low- - 
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AN INLAND SHIPYARD.—SITUATED ON 

JAMES RIVER AT RICHIOND, VA. 

THE 

Nearly three hundred years ago Captain Christo- 

pher Newport, under orders from the London Com- 

pany, sailed up the James river as far as Richmond, 

and there located, as the old chronicle has it, safe 

from the Spaniards. A few months ago, at the out- 

break of the war, the Government had under con- 

sideration the building of ten gunboats, at the same 

place, to be safe from the same Spaniards. Thus the 

verdict of the centuries points to Richmond as a 

place inaccessible to a hostile sea force; and as for a 

land force, the difticulties of investing that city are 

well known. 

The place is well situated for a shipyard; the James 

river has a depth sufficient, at present, for boats 

drawing 18 ft. of water, and the Government has 

commenced deepening it; eventually there will be 22 

ft. at low and 25 1-2 ft. at high water, enough to float 

anything but the largest ships. ets 
The torpedo boats now under construction are not 

the first efforts of Richmond in the direction of ship 

building.» The Tredegar Iron Works, famous for its 
cannon, built vessels for the U. S. Navy before the 

war, and during the war several gunboats were built. 

At the time of the evacuation of the city the last 

gunboat fell into the hands of the Federal forces; it 

had been named the Ladies’ Gunboat, and was built 

wholly from contributions of plate and jewelry given 

by the Southern women. After the war the Old 

Dominion Steamship Company built one ship there. 

Modern marine work in Richmond dates from the 

construction of the engines of the U. 8. battleship 

Texas by the Richmond Locomotive Works, under 

the supervision of William R. Trigg, who was presi- 

dent of the company at that time. 

The magnitude of the undertaking attracted wide- 

spread attention, and the success of the engines was 

so great as to demonstrate once for all that the 

mechanical ability of the American people south of 

Mason and Dixon’s line was equal to that of their 

brothers in the North. 

The attention of the Government has been turned 

more than once toward Richmond as a place for 

building warships. In critical periods of the coun- 

try’s history, especially at the time of the Venezuelan 

trouble, its securely protected harbor and abundance 

of water, with free connection to the sea, were adyan- 

tages that appealed directly to the understanding of 

members of the Government, and arrangements were 

actually in hand for the rapid construction of small 

gunboats. 

The plan of the yard now in operation at Richmond 

has been matured, step by step, during many months, 

although to the people at large the yard’s entrance 

into the torpedo boat competition was very unex- 

pected and occasioned considerable surprise and dis- 

cussion in shipbuilding circles. 

The plant of the William R. Trigg Co. will eventu- 

ally be very complete. With about 1,000 ft. of water 

front, it can handle almost any class of ship except- 

ing the largest, and is also prepared to do, and will 
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do, the best possible class of work. Eventually the 

falls of the James river are to be utilized for the 

generation of electricity, somewhat after the plan of 

the Niagara Falls Power Company, and as soon as 

this is completed the Trigg Company will use the 

power thus obtained, as is now done in the shipyard 

in Buffalo, N. Y. 

The shipyard has a complete outfit of angle and 

plate tools, embodying the latest designs, fitted by 
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After the torpedo boats are well under way the 

company will deyote some attention to merchant 

work, but at present it does not care to undertake 

any but Government work, so that the present con- 

tracts will be finished on time. 

The boats are to be launched sideways, as is the 

custom in river launching. The accompanying plan 

shows the general arrangement of the boats on the 

stocks. When the works are running under full load 
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LOCATION OF WAYS FOR TORPEDO BOATS IN TRIGG YARD. 

the Hillis & Jones Co., of Wilmington, Del. The Chi- 

cago Pneumatic Tool Company has contracted to fur- 

nish all the necessary pneumatic tools for riveting, 

they will have about 500 men on the pay roll. 

At the time that William R. Trigg submitted bids 

in his own name for these boats there was consider- 

VIEWS IN THE NEW TRIGG SHIPYARD AT RICHMOND, VA. 

drilling and caulking, and will shortly have the plant 

in complete working order. 

The machine shop is 375 ft. long by 100 ft. wide, 

with a large L, and is fitted with all the necessary 

tools, including many new ones from the best makers. 

The brass foundry, pattern and cabinet shop and 

smith shop are well fitted to meet the sharpest com- 

petition. 

able opposition from the other builders, but the show- 

ing that he made in a few weeks convinced the Navy 

Department that the Trigg Company could fulfil its 

obligations, and its showing up to the present time, 

although working under the disadvantage of estab- 

lishing a new yard, is such as to place it on a plane 

with older competitors. 

The accompanying photographs show the present 
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condition of the yard; and the energy with which this 

work has been conducted, as two months ago the 

space now occupied by the ship shed was a junk heap . 

of old rails and ties. 

William R. Trigg, the president, is aided by Lilburn 

T. Myers, vice-president. The superintending naval 

engineer, William Strother Smith, U. S. N., and the 

naval constructor, George H. Rock, U. S. N., are in 

charge of the Government end of the work. f 

The company is building three torpedo boats, the 

Shubrick, Stockton and Thornton, and the two tor- 
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sheer strake, two on each side; planking of white 

cedar, to finish 3-4 in:; covering board and sheer 

strake of quartered oak; decking, 7-8 in. quartered 

oak, laid in 2 in. strips; 2 in. guard rail on lower edge 

of sheer-strake. 

The boats will have open seats, and lockers will be 

provided in the motor room. A 12 horse power alco- 

vapor motor will be fitted and tank capacity for two 

barrels. A double tow post aft with crosshead will 

give facilities for towing the ordinary ship’s boats for 

landing parties. Galvanized iron stanchions (2 in.) 
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OUTLINES OF MOTOR BOATS FOR S.S. 

pedo-boat destroyers Dale and Decatur. The torpedo 

boats are 175 ft. long, and are to make a speed of 26 

- knots at 165 tons displacement with 38,000 I. H. P. 

The destroyers are 245 ft. long, and must make a 

speed of 28 knots at a displacement of about 400 tons 

with 8,000 I. H. P. The contract prices are $129,750 

and $260,000, respectively. The destroyers are to be 

finished in eighteen months and the torpedo boats in 

twelve months from the date of the signing of the 

contract. ; 

Motor Boats for S.S. Paris. 

As part of the equipment of the steamship Paris, of 

the American Line, when she leaves on a cruise to the 

West Indies, two alco-vapor launches will be carried. 

The design of these boats is shown in the accom- 

panying engraving. As they are both alike the de- 

scription of one will serve for the two. 

The dimensions are: Length, 30 ft.; beam, 8 ft. 

The specifications call for a keel of white oak, sided, 3 

in.; moulded at fore end 4 in., at stern 6 in.; stem of 

white oak, sided 3 in.; apron and deadwoods of white 

oak; stern post and overhang of quartered white 

oak; post sided 4 in.; timbers of white oak, spaced 

11 in. centers, steam bent, sided 1 1-4 in.; moulded at 

head 1 1-2 in., at heel 2 1-2 in.; floor timbers moulded 3 

in. at seat, sided 1 1-4 in.; keelson of oak, 3 in. by 8 in., 

copper bolted through keel; clamps of oak, 2 in. by 4 

in., running entire length of hull and riveted through 
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will be fitted fore and aft, with eyes in the heads, to 

go through the deck and step in the deadwood, and 

the deck plates for these will have screw caps to go 

in place when the stanchions are out. The fittings 

will include a steering wheel and chain gear, chocks 

and cleats, flag poles and sockets, strong hoisting eyes. 

A power whistle and kit of tools will also be provided. 

The hull will be finished with three coats of white 

paint, and the sheer strake, decks and inside of cock- 

pit will be finished in natural color and given three 

coats of spar varnish. 

The new steamship Hamilton, for the Old Dominion 

Line, recently launched at the Roach yard in Chester, 

is a sister ship to the Princess Anne, deseribed in our 

issue of August, 1897. Her dimensions are: Length, 

332 ft.; beam, 42 ft.; depth, 27 ft.; tonnage, 3,200 tons, 

She is a single-screw vessel, and will be fitted with 

triple-expansion engines having cylinders 28 in., 44 in. 

and 73 in. dia. by 54 in. stroke. She will have three 

decks and four water-tight bulkheads, and will have 

accommodation for about 120 first-class passengers. 

An order is reported placed by the Boston Tow 

Boat Co. with the Sparrows Point (Md.) yard for two 

steel colliers, each of about 5,000 tons capacity. The 

dimensions given are: Length, 345 ft.; beam, 47 ft.; 

depth, 28 ft. They will be fitted with triple-expansion 

engines and Scotch boilers. 
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CONSIDERATION OF THE INDICATOR AND ‘ITS 

USES ON BOARD SHIP—II.* 

BY R. W. JACK. 

It has been accepted py many engineers, I think 

wrongly, that there are different qualities of steam, 

and in many of our text books those qualities are 

spoken of as the words imply, viz., saturated steam, 

dry saturated steam, superheated steam, ete. It 

would appear that the only object aimed at is that an 

expression may be found for an otherwise unaccount- 

able percentage of water which interferes in our cal- 

culations. The terms are vague in the extreme, for if 

we admit that each appellation has a separate signifi- 

cance, there would be no limit to their number, be- 

cause it may further be said that steam may contain 

water in suspension from only a trace up to a con- 

siderable proportion. It is at least much simpler and 

better adapted to our purpose to say that there is only 

one quality of steam, or rather that there is only one 

term which we can consistently employ, viz., pure 

steam. 

Steam, then, free from water or other impurity, and 

without undergoing a superheating process, is pos- 

sessed of three distinct properties—pressure, volume, 

and temperature. One cannot change without affect- 

ing the other two. Each succeeding pressure has its 

corresponding volume and temperature; for instance, 

steam at a gauge pressure of 150 lb. per square inch 

has an invariable temperature of 870° I*., and a spe- 

eifie volume of 173 compared with an equal weight of 

water. It will thus be seen that, given the pressure of 

steam at any point on an indicator diagram after 

cut-off or before exhaust opens, we may easily com- 

pute the volume and thereby the amount of water 

represented by the steam admitted to the cylinder for 

one stroke. ‘The expansion curve becomes a most in- 

teresting study in this respect, for the steam line is 

influenced to some extent by the valve motion, by the 

rate of flow or the area of steam ports, and the tem- 

perature of piston and body of the cylinder. After 

eut-off has taken place, the steam which may have 

been condensed on entering will probably in part 

regain at some point its gaseous properties, and the 

equivalent weight of water will become a maximum. 

Yor the sake of simplicity, we are bound to suppose 

at this point that the engine is in good repair, that the 

valve and cylinder faces are steam tight, and that the 

piston is efficient for its purpose. 

To find the maximum amount of water accounted 

for by the diagram, take the following specific exam- 

ple: Fig. 7 is a diagram taken from a high pressure 

engine whose cylinder is 3 in. diameter by 39 in. 

length of stroke. Take points 2 and y on each diagram 

just before exhaust opens. Those points, as a rule, 

will indicate the greatest quantity of steam since the 

water of condensation may possibly have reappeared 

as steam. Ascertain the pressures at # and y to scale, 

and also measure the portion of stroke completed at 

those points, say 35 in. The total volume of steam is 

* From a paper read before the Institution of Engineers and 

Shipbuilders at Hong Kong, 
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therefore = D? x .7854 x part of stroke completed + the 

clearance capacity at the end of the stroke. Let the 

clearance be 10 per cent of the space swept by the pis- 

ton or (D? x .7854 x stroke) +10. We then have 

Total volume of steam 

—= (23 X 23 < -7854 x 85) -—L C <x 23 X .7854 X =) 

10 

Worked out, this is shown to be 16162.27 cu. in. 

The pressure of steam at the point « is 110 lb. per 

square inch. By looking up a table of specific volumes 

we find that one unit of steam at this pressure, if con- 

densed to water of the same temperature, occupies 

only 5}, of its previous volume. We must therefore 
divide the total volume of steam 16162.27 by 220 in 

order to find the equivalent volume of water, thus 

16162.27 -=- 220 — 73.46 cu. in., nearly. The oppo- 

site diagram is treated in the same way. ‘Those 
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operations may be further extended to either the 

I P or L P eylinders of a triple-expansion engine, and 

the deductions therefrom will scarcely require further 

explanation; but it should be pointed out that if we 

wish to find the quantity of water per revolution, per 

minute, or per horse power, it will be necessary to 

deduct from the foregoing result the weight of steam 

remaining in the cylinder after exhaust closes and 

compression begins. Points a and b may be taken in 

the same way on the compression curve, the steam at 

this pressure and volume correspondingly reduced to 

water and subtracted. The capacity of waste space at 

each end of cylinder we have supposed to be one-tenth 

of the space swept by the piston, which we found to 

be equal to 1620.86 cu. in., and the points a@ and 0 

are taken in this case at 2 in. from the end of stroke, 

so that the total volume of steam remaining at pres- 

sures indicated by a and b is 1620.86 + (D? x .7854 @ 2) 

= 1620.86 + 831 = 2451.86 cu. in. The pressure of 

steam at the point a we find to be 1v0 Ib. per square 

inch. Referring again to the table of specific volumes, 

we find that the relative volume of water is ;1,, so 
that the equivalent volume of water remaining in the 

cylinder is — 2431.86 — 10.4 cu. in. nearly. Sub- 

tracting this from the first result we have 73.46—10.4 

= 63.06 cu. in. of water utilized each down stroke 

of the piston. The same operation is performed 

for the return or up-stroke, and their sum is the 

amount of water passing through the cylinder in the 

form of steam during each revolution. 

To find the quantity of water accounted for by dia- 

grams per minute or per hour, it is only necessary to 

multiply by the revolutions in the given time. The 
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water used per I. H. P. per hour is equal to the total 

quantity per hour divided by the total I. H. P. If the 

weight of water be required, this again should be 

multiplied by 

water. We might also find the amount of work in 

foot-pounds, transmitted by each pound of steam, by 

dividing (I. H. P. x 38,000) by the weight of steam 

passing through the engines per minute. In the case 

we have considered, the combined I. H. P. of the three 

engines was 1,130, and the water shown by the H. P. 

diagram and per minute is 265.68 lb., then (1,180 x 

38,000) + 265.68 = 140,856 foot-pounds or units of 

work per pound weight of steam. 

It has been attempted by various thermodynamists 

to obtain a modified equation which shall consider cer 

tain relations which are specially applicable to steam. 

Their calculations, however useful, have been based 

on assumptions which cannot possibly obtain in prac- 

tice. They have supposed an ideal environment for 

the steam, such that it is incapable either of receiving 

of transmitting any portion of heat. This they have 

designated “adiabatic” expansion (literally meaning— 

nothing passing through), that is to say, the steam can 

neither impart its heat to its surroundings nor receive 

heat from any external source; but their calculations 

have taken into account those properties of steam 

which are strictly characteristic of such a medium. 

Stated shortly, it may be said that if a gas at a given 

volume, pressure, and temperature, by an addition or 

subtraction of dt of temperature could add or subtract 

equal increment of the volume and pressure, then dy D 
would be equal to #. It requires more heat to add to 

Pp 

volume at constant pressure than it does to add to 

pressure at constant volume, because in expanding at 

constant pressure an amount of external work is done 

requiring a certain amount of heat. The proportion of 

heat required is thus: 

Heat required at constant pressure : heat required at 

Kp : Kv. But the specific heats at 

constant pressure (Kp) of gaseous bodies are known 

from direct experiment, and the specific heats at con- 

stant volume (Kv) may be calculated from Kp by de- 

ducting the thermodynamical equivalent of the work 

performed by the gas in doubling its volume. The 

increment of volume will therefore be less than the 

increment of pressure for a given increment of heat in 

: P du ba 
inverse proportion to the specific heats, thus, |, — ss ac 

‘p 

Suppose a quantity of gas at volume V, and pressure 

P, to be expanding freely behind a piston, then if the 

change of volume Kp dy , combined with the change of 
“3) 

pressure Kv dp | produces a change of temperature d ft, 
Pp 

that is, the sum of the changes produces a change d ¢ 

or conversely; 

then as Kp du 2 Kv C= = (0 (a minimum) 

LG jp de — Ky PP 
IP 

from which dP = KP p®, 
Kp v 

Without here introducing the mathematical proof of 

those relations, it may be useful merely to notice the 

.036, the weight of one cubic inch of . 
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results, for they are equally applicable in the general 

form to any gaseous body, viz., 

1 1 4 171 

a(n) = () =r 
Where 7 is the absolute temperature of any gas, i. e., 

the sensible temperature added to a constant 461° F. 

or 278° C., at a certain pressure P and volume VJ, 

while 7, is the absolute temperature at any other 

pressure P, and volume V,. The Greek letter 7 (gam- 

ma) when used in this connection is understood to 

mean the relation a, and it is this value which is 

the main factor in ihe mathematical solution of the 

adiabatic curve. 

Instead, therefore, of the constant number we obtain 

by simply multiplying the pressure and volume to- 

gether (P V) we have as a constant the value P V 

where y is the power to which V must be raised. 

Authorities have given us the values of —for dry sat- 

urated steam 1%, superheated or gaseous steam 1.3, 

and wet ordinary steam 1°; but even these values are 

empirical and the accuracy of any one of them mainly 

depends upon its selection. Let us take the case of 

ordinary or wet steam, as it is called, and see how the 

constant P Vy or P V 142 may be applied to the con- 

struction of an smuemnaion curve. In the case we have 

already considered, P = 100 and V=4, .-. P V 4° = 100 

< 442. To raise 4 to the 4° power we may make use of 

a table of logarithms, thus: log 4 = .60206 « 1° — .66895 

== log 4.666, ... P V 12 = 100 « 4.666 — 466.6. We have 

supposed that steam is carried ;‘, of the stroke, and to 

find the pressures corresponding to volumes 5, 6, 7, 8, 

9, and 10, we may place it in this form— 

V=5. 530 =log5 X 10 — .699 Ne 
XS 116 = log of 6.98 5.98 

VY=G. Ges log 6x B= 782 ped 66:6 ec S< 10 8644 — Tog of 7.233 fe Cad veosmial 
VET, (22 = log? x 42 = 78451 _ 466.6 __ AG 

SC 40 939 = log of 8.69 fee Being se 
V=8. 812 = log 8 <x 12 = .9031 — 438 ‘ 

1,0 — 10034 — Tog of 10.08 me Es srroros age aa 
V=9. 919 =log9 < 19 — .9542 466.6 3 

AO ss 1.06 = fog of 11.48 be ae 
V=10. 1032 —log 10 x 121.000 466.6 96.4 « 

< 42 = 1.111 = log of 12.91 Di Rel 

Those pressures as before are marked off to scale and 

the curve drawn through the points. Those are strict- 

ly mathematical solutions of the expansion curve, and 

the operations, though somewhat tedious, are abso- 

lutely necessary to an intelligent conception of the 

principles on which the graphic or geometrical solu- 

tions depend. To construct a hyperbolic or simple P V 

curve by the latter method, let the actual indicator 

diagram Fig. 8 be taken to illustrate the method em- 

ployed. This is taken from one end of a high-press- 

ure engine. A B is the perfect vacuum line drawn to 

scale 14.7 lb. below the atmospheric line C D. AE 

represents the clearance in proportion to the volume of 

the cylinder # B. If a diagonal be drawn from A at 

an angle of 45°, or one-half the right angle H A B, then 

this will be the axis of every hyperbola having its 

origin at A, that is to say, corresponding portions of 

the curve on either side of it are exactly alike. Take 

any point F, preferably just before exhaust opens, and 
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from F drop a perpendicular to the base A B cutting 

in @. Divide A G into any number of divisions (not 

necessarily equal) and erect perpendiculars through 

those points from the base A B. From A cut off A J 

equal to # G and draw J J at right angles to the base 

AB. From J cut off J J equalto A G. Then the point 

T will be another point in the hyperbolic curve, be- 

cause pressure and volume being interchangeable 

quantities, the volume A J x the pressure J I is made 

equal to the volume A G@ x the pressure / G. Draw H,, 

equal and parallel to the base line A G, then join A,, A, 

B 
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A,, A;, Ag, Az, As, Ag, and A,,, and where those lines cut 

the perpendicular J J in P2, P;, Py, Ps, Ps, Pz, Ps, Ps, and 

P,,, those points will represent the pressures corre- 

sponding to their respective volumes VV., VV, VV., 

WVs; VVe, VVz, VV, VVo, VVio. A Curve drawn through 

the points V,, V,, etc., is an hyperbolic or isothermal 

curve, and is said to be the curve of ideal expansion. 

There is another curve by which the real expansion 

curve of an indicator diagram is often compared, viz., 

the saturation curve. Acording to Rankine, this may 

be worked out on the same lines as the example we 

have just considered, but that instead of a constant 

V P12 constant we are given V P 1%. As already ob- 
served, it is very desirable that we should be able to 

construct such a curve by the graphic method. It has 

been proposed by Fairbain and Tate as a substitute 

for Rankine’s formula for the curve of saturated 

steam to employ the same method as is employed in 

the geometrical delineation of the hyperbolic curve, 

but that instead of making the origin of the axis as at 

A in Fig. 8, it is merely shifted by adding .36 lb. to the 

pressure, i. ©., below the perfect vacuum line, and sub- 

tracting from the volume in cubic feet .41 cu. ft. In 

the diagram shown, Fig. 8, A @ is supposed to repre- 

sent the volume in cubie feet of 1 lb. weight of steam 

at 4 pressure corresponding to G Ff. If the pressure 

G F be 40 lb. absolute per square inch, then A @ will 

represent a yolume of about 10.3 cu. ft., which is the 

Space occupied by 1 lb. weight of steam at this pres- 

sure. With the point thus found we may proceed as 

before.. The curve thus drawn approaches very nearly 

to Rankine’s formula for saturated steam, P V+. The 
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difference between this and the adiabatic curve is that 

in the latter a certain amount of water is present due 

to the performance of work, while in case of a satura- 

tion curve the steam is supposed to be free from water 

by the transmission of heat from a steam jacket or 

other source. But of all the theoretical curves that 

may be drawn, the hyperbola is the most important, 

It fulfils the law in the broadest sense, and is a stand- 

ard by which all others may be compared. 

It may be conceded that the application of the indi- 

eator in calculating the effective stresses on the trans- 

mitting parts of a reciprocating engine does not 

strictly come within the scope of this essay, but it may 

be well to point out the modifications which the dia- 

gram must undergo in order to present a true picture 

of the effects of converting the reciprocating mo- 

tion of the piston to the rotational movement 

of the shaft when conveyed through the combi- 

nation of piston and connecting rods and a crank. 

The indicator diagram is primarily a true measure of 

work as applied to the piston, and only the ultimate 

effects are necessary factors in such a calculation. It 

is immaterial, as far as the mere work is concerned 

or the behavior of the steam, whether the velocity of 

the piston be uniform throughout the stroke, whether 

the motion be uniformly accelerated or variably accel- 

erated, the ultimate effect is in moving the piston a 

certain distance against a certain resistance. The 

absolute pressure or motive force varies at every point 

of the stroke after steam is cut off, and the total re- 

sistance (neglecting friction) is the sum of the absolute 

back pressure or resisting force added to the resist- 

ance of the crank pin through the center line of the 

eonecting rod. The resistance due to back pressure is 

fairly uniform auring the greater part of the stroke, 

but varies toward that extremity which includes the 

compressive curve, while the resistance of the crank 

pin to tangential motion varies with every angle which 

the conecting rod makes with the crankarm. In order 

to compare the force at work it will be necessary to 

present the laws upon which their magnitudes depend, 

and to state as clearly as possible the exact definition 

of the terms employed. All forces are comparative in 

their effects, and the laws regulating the motion of a 

falling body, under the attraction of the earth or under 

the influence of gravity, are taken to be true as re- 

gards the motion of a body under the influence of any 

other force. Velocity—is the speed of a body meas- 

ured in relation to the distance it would fall in a unit 

of time if the force under which it has acquired that 

velocity ceased to act, and under the action of a uni- 

form force it varies as the time and the acceleration. 

Acceleration—is the rate of change of velocity in a 

unit of time and varies directly as the force under 

which it is generated. Space—is the distance in units 

of length, in which a body acting under the influence 

of a uniform force acquires a certain velocity and 

varies as the acceleration and the square of the time. 

The laws relating to motion under the simple attrac- 

tive force of the earth may be thus symbolically stated 

when the body starts from rest, if »v = terminal veloc- 

ity, ¢ = units of time, s = space passed over, and g = 

acceleration due to gravity = a force of 32 units. 

Then v0 = gt, s = 1-2 g# and v? = 29s. 
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If, then, we suppose the crank pin to revolve with a 

uniform speed, that is, if it describes equal ares of a 

circle in equal intervals of time, the distances that 

the piston moves from either extremity of its stroke 

will depend on the versed sines of the angles which 

the crank arm makes with the center line of the en- 

gine, and that which the connecting-rod makes with 

the same line of centers. In Fig. 9, let D Ba be the 

erank circle, and A B any position of the crank. From 

B, with a distance equal to the length of the connect- 

Fic. 9. 

ing-rod, cut the center line in C, and from C with the 

same radius describe the are BG. From B, draw B F 

perpendicular to the center line and cutting it in F. 

It will thus be seen that the distance D G@ is equal to 

E C, that is, the distance which the piston has moved 

from the dead point #. But D F is the versed sine of 

the angle D A B, and F @ is the versed sine of the 

angle B C G, therefore the total distance D @ or E C 

is the sum of those versed sines in the first quadrant 

of a revolution and their difference in the second, 

measuring from the opposite extremity D,. Now, in 

* order to convert an ordinary indicator diagram from 

a measure of work to a diagram of pressures on the 

erank pin, not only the distance traveled by the piston 

from rest is necessary, but also the relative velocities 

or accelerations occurring at each interval of the 

stroke. The mean velocity of the piston may be rep- 

resented by the distance it has traveled in any interval 

of time, but with a uniform rotation of the crank the 

angular motion is more convenient and is the equiva- 

lent of time. 

The spring cruise of the North Atlantic squadron 

was begun February 16, when the flagship New York, 

Rear-Admiral Sampson, and the battleship Indiana 

left the anchorage at Tompkinsville, S. I. for Ber- 

muda. From there they will proceed to Havana, 

where several other vessels will join the squadron, 

and then to Cienfuegos, where they will arrive about 

March 5. Afterward the vessels will visit Guanta- 

namo, and then this itinerary will be followed: Kings- 

ton, March 19 to 23; San Juan, Porto Rico, March 26 

to 29: Martinique, March 31 to April 3; Barbados, 

April 4 to 7; Trinidad, April 8 to 13; La Guayra, April 

15 to 18; Cartagena, April 21 to 24; and New York, 

May 3. The squadron will cover about 7,000 miles 

during the cruise. 
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Sinking of S.S. Germanic in Hudson River. 

A peculiar accident happened to the White Star 

_ liner Germanic while alongside her pier in the North 

river, New York. She arrived from Liverpool after 

a stormy passage on Saturday, February 11, and the 

work of getting out her cargo was proceeded with 

rapidly, as she was billed to sail on her return voyage 

on the following Wednesday at noon. She was 

moored alongside the pier, which was on her port 

side, at a sufficient distance to permit the coal barges 

to come to the port as well as the starboard side. On 

Monday night, while the coal barges were alongside 

and the work of filling the bunkers was going on, and 

while the stevedores were at work in the hold, the 

vessel suddenly listed to starboard. An effort was 

made to right her by trimming, and then, according 

to present reports, she righted and immediately 

careened to port, toward the pier, with the result that 

her coaling ports on that side were submerged and 

she filled rapidly. As the water is shallow she soon 

reached bottom and began to settle in the mud. 

Wreckers were shortly put to work to pump out the 

vessel, and divers made repeated and unsuccessful 

efforts to close the ports. The views here published 

were taken the next day, but subsequently the vessel 

settled deeper, and in less than a week her hull was 

submerged at high tide as far forward as the fore- 

castle. 

Until an investigation is made it will not be possible 

to determine the exact cause of the mishap, which 

was apparently due to negligence. A lack of care in 

trimming the vessel in port was, probably, the chief 

cause, though contributory causes are said to have 

been the great masses of ice on the upper works and 

spars and the pressure of a strong wind blowing 

abeam. 

The sailing of the vessel has, of course, been indefi- 

nitely postponed, and the mails which she was to 

have carried out were forwarded to Boston to go Hast 

on the Dominion liner Canada. It is probable that 

thousands of dollars’ worth of interior furnishings and 

finishings, and stores, have beeen rendered worthless 

by the flooding. 

Other than a slight collision in the Mersey a few 

years ago this is, we believe, the first serious mishap 

that has befallen this vessel. She is one of the very 

oldest first-class liners in service to-day. With the 

Brittanic, her sister ship, she shares the reputation 

of being one of the most successful liners ever built. 

She is one of the original vessels of the White Star 

fleet, and was built in 1874 by Harland & Wolff at 

Belfast. Her dimensions are: Length, L. W. L., 455 

ft.; beam, 45.2 ft.; and depth, from main deck, 33.7 ft. 

Her gross tonnage is 5,066 tons. She is an iron, single- 

screw vessel with four masts, and is fitted with eight 

bulkheads. She was originally fitted with compound 

engines and boilers carrying 75 lb. pressure. In 1895 

new machinery was fitted at the builders’ yard, in- 

cluding triple-expansion engines and Scotch boilers. 

At that time she had made nearly 3800 round trips 

across the Atlantic, and had steamed about 1,700,000 

miles and carried in all about 260,000 passengers. 

Such mishaps, though rare, are not unknown. The 

most notable, perhaps, was that which occurred to the 
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STERN VIEW OF ¥.S. GERMANIC AFTER SHE HAD TOUCHED BOTTOM. 

S$.S. Austral, of the Orient line, in the freight and ports. When coaling in Sydney harbor, several years 

passenger trade between English and Australian ago. she suddenly turned turtle and sank. 

EOW VIEW OF S.S. GERMANIC ALONGSIDE HER PIER IN NORTH RIVER, N. Y. 
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VIBRATIONS OF STEAMSHIPS AND METHODS 

OF BALANCING MARINE ENGINES—II. 

BY C. H. PEABODY, B.Sc. 

If the engine is placed aft in the run oft the ship, 

as is customary on some lake steamers and some 

tank steamers, then the cylinders should be arranged 

in the reverse of the usual order—that is, the low 

pressure cylinder should be forward, as shown by 

Vig. 5. If the reciprocating parts have the propor- 

tions given by Schlick, then the low pressure cylinder 

should be aft of the node at a distance equal to five 

times the common interval between the cylinders. — 

UW q 
= lpescee 

> Q 
| 

a 
5d ——__+ 
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A common practice on the Great Lakes is to put the 

high-pressure cylinder between the intermediate and 

the low pressure cylinders to save room, the low 

pressure cylinder being aft. If the low pressure 

eylinder should be placed forward, then, by an in- 

vestigation similar to that given in the preceding 

note,* the location for the engine can be sought 

that will give least trouble from shaking. 

Some triple-expansion engines have been built with 

two low-pressure cylinders, making four in all, ar- 

ranged as shown by Fig. 6. The cranks for the high- 

pressure and the intermediate cylinders are opposite, 

A I La Lb 

ali | 
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Fig. 6 

as are also the cranks for the two low-pressure eylin- 

ders, but the two pairs of cranks are at 90 deg. The 

result is that the engine is very nearly in standing bal- 

ance, and if deemed important that balance can read- 

ily be made complete by loading the high-pressure 

piston. The engine has, however, very considerable 

rocking couples at high speed, and consequently some 

engines which have been arranged in this way at the 

expense of considerable inconvenience in the design 

of the ship have proved disappointing, which is not 

surprising, since engines are more often near a node 

than a loop. If this arrangement of cylinders is 

* See note on p. 7 of February, 1898, issue of Marine Engineering. 
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chosen then the valve chests of the high-pressure cyl- 

inder should be in front and the valve chest for the 

intermediate cylinder should be turned aft so that 

these cylinders may be placed near together and so 

shorten the distance between their crank-pins and 

diminish the rocking couple that they will set up. In 

like manner the low-pressure cylinders should be 

placed back to back. The writer has seen this ar- 

rangement of valve chests just reversed, so that the 

two low-pressure cylinders had their valve chests be- 

tween them, and consequently their cranks were 

widely separated, and being opposite, could set up a 

very considerable rocking couple. The high and inter- 

I 
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mediate cylinders were separated in a like manner 

though not to so wide a distance. 

Any four-cylinder engine, such as a quadruple-ex- 

pansion engine, can be arranged in pairs and will 

then be nearly in standing balance and can readily 

have the balance made perfect if desired. It will of 

course have rocking couples, as has been pointed out. 

In order to reduce the rocking couples to a very 

small amount Mr. Herreshoff has used the arrange- 

ment shown by Fig. 7 for a four-cylinder triple-expan- 

sion engine. The. two low-pressure pistons are in 

exact standing balance and the high-pressure and in- 

termediate pistons are very nearly in standing bal- 

ance. The engine also has the distinct advantage that 

the thrust of the descending piston and the pull of the 

ascending piston of a pair are very nearly equal; there 

is therefore but a small amount of pressure on the 

main bearings, which therefore are little likely to give 

trouble from heating. Of course the arrangement 

shown by Fig. 6 has somewhat of the same effect, 

though less perfectly, as there is an intermediate 

bearing, which is required on account of the spring 
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of the intermediate crank shaft and the two inter- 

mediate crank cheeks. The chief objection to this 

claim is the difficulty of opening the two inside cylin- 

ders; for the engine represented by Fig. 7 there was 

a carefully worked out arrangement for taking down 

the lower cylinder head, which of course required the 

removal of the guides and the disengagement of the 

connecting-rod. 

For some earlier engines of small size Mr. Herres- 

hoff obtained the same result, that is, the removal of 

the intermediate bearing for a pair of opposite cranks, 

by shifting one of the two cylinders over to the port 

and the other to the starboard. When the cylinders do 

not have too large diameters in comparison with the 

stroke a shifting of their axes, or lines of dead points, 

about 15 deg. from the vertical will allow us to place 

them at the same height and still have them act on a 

pair of opposite cranks with only a continuous crank 

web between the crank-pins, as shown by Fig. 7. The 

eylinders will then appear as shown by Fig. 8. This 

arrangement of cylinders has beeen used on a large 

scale by Mr. Thornycroft for torpedo boats and tor- 

pedo-boat destroyers, -and with very good results. 

The engines are indeed neither in standing nor in run- 

ning balance, but the lack of balance, either standing 

or running, is not important for such engines and 

they do not produce excessive shaking. But when the 

diameter of the cylinder becomes greater than the 

stroke such an arrangement of the cylinders is likely 

to throw their axes 30 deg. out of the perpendicular 

and to lead to very undesirable proportions and ar- 

rangements of details, to say nothing of the fact that 

they will be far from balanced either when standing 

or when running. 

Having considered the cause of vibrations of a 

steamship, and the effects that various arrangements 

of engine cylinders and cranks may have to aggravate 

or ameliorate the evil, let us investigate the methods 
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that have been proposed for balancing engines and 

thus avoiding vibrations. The ill effects of the accel- 

erating forces acting on the pistons of an engine were 

earliest felt on locomotives with outside cylinders as 

commonly arranged in America. The cranks are of 

course set at 90 deg., to insure certainty of control in 

starting and stopping, and consequently the piston on 

the right-hand side is at the middle of its stroke when 

the left-hand piston is starting at the beginning of its 

stroke. The right-hand piston is at its highest speed 

and there is no accelerating or retarding force acting 

on it, but there is a large accelerating force required 

to start the left-hand piston, which tends to slew the 

locomotive sideways on the track. Four times in each 

revolution such a slewing of the lacomotive occurs, 

first one way and then the other, which tends to throw 

the locomotive off the track. To overcome this diffi- 

culty balance weights are cast between the spokes of 

the driver wheels, which are intended to counterbal- 

ance the accelerating forces acting on the recipro- 

cating parts, i. e., the piston, piston-rod, crosshead, 

connecting-rod and side-bar. It is not necessary to go 

into the details of this method of balancing nor to 

point out its defects further than to call attention to 

the fact that the counterweights are always affected 

by a constant centrifugal force when the engine is 

running at a constant speed. This centrifugal force 

can be made to give a very good balance of the re- 

ciprocating parts when they are at the end of the 

stroke, but when those parts are at the middle of 

their stroke then the centrifugal force acting on the 

counterweight is entirely unbalanced. When the 

counterweight is down, between the driver axle and 

the track, the centrifugal force produces an added 

pressure of the driver wheel on the track in excess 

of the weight carried by that wheel when the locomo- 

tive is at rest. When the counterweight is up it tends 

to lift the wheel off the track. Consequently the coun- 

terweignts produce a rocking of the locomotive from 

side to side, which however is less dangerous than 

the slewing of an engine without counterweights. 

Marine engine builders often attempt to counter- 

weight their engines in a similar way, but the trans 

verse throw of the counterweight when the piston is 

at the middle of the stroke is likely to be quite as bad 

as the vertical accelerating force of the piston, when 

the engine is unbalanced, that is, if the engine is 

heavily counterweighted. Consequently marine engine 

designers are usually content to balance the crank 

shaft itself, or, at most, to counterweight for a part 

of the connecting-rod. To balance the crank shaft it 

is customary to extend the crank check or slab beyond 

the shaft and bolt on a cast-iron counterweight. The 

moment of the extension of the slab and the counter- 

weight must be equal to the moment of the crank 

cheek and half the crank pin. Some engineers add 

the moment of one-third the weight of the connecting- 

rod; if more than one-third is provided for the trans- 

verse throw is liable to be unpleasant. There is an 

objection to counterweight on the part of the engine 

attendants, as it much enhances the danger of caring 

for the main bearings when the engine is running, 

especially to a man who has been accustomed to an 

unbalanced engine. 

(To be continued.) ” 
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New York Fireboats in Action. 

A serious fire in the down town district in New York 

on Thursday, February 9, called into use the powerful 

fireboats Robert A. Van Wyck and The New Yorker, 

in addition to twenty-five land engines and a water 

tower, besides a variety of other fire apparatus. It 

broke out early in the day in a block of buildings in 

the shipping district, close to South Terry; the block 

being bounded by Front, Moore, South and Whitehall 

streets. Many of the buildings in the block were 

built of wood, very old and dried out, so that the fire 

burned with unusual fierceness. As the fire was too 

far distant rrom the water’s edge to use the fixed noz- 

zles on the fireboats the deck couplings were con- 

nected with hose to the water tower, which sent a 

regular cataract of water over the burning buildings, 

and also to the hand nozzles on shore. The weather 

was intensely cold, about zero, and the firemen suf- 

fered severely. As the water poured out of the win- 

dows and doors it froze, decorating the buildings pic- 

turesquely, as shown in our photograph. Notwith- 

standing the tremendous quantity of water used the 

fire was not put out until about $750,000 worth of 

property had been destroyed. In the photograph the 

two fireboats are suown with their noses against the 

bulkhead at the shore line. During the progress of 

the fire the tide fell and both vessels were aground. 

The suction openings, being so near the bottom, let 

into the pumps a good deal of dirt in suspension in 

the water, but this mixture was apparently as effect- 

ive in smothering the flames as the unadulterated 

water of the East river. The reproductions of the 

photographs taken during the progress of the fire will 

be found on the opposite page. 

According to report, work on the new yacht for 

-Anthony J. Drexel, of Philadelphia, will be begun at 

once in the Scott yard at Greenock, on the Clyde. De- 

signs have been prepared by G. L. Watson, and the 

yacht will be a large sea-going vessel of the May- 

flower type. Her dimensions will be: Length, 268 ft.; 

beam, 36 ft.; depth, 20 ft., and net tonnage about 1,800 

tons. She is to be fitted with twin-screw triple-expan- 

sion engines capable of developing about 4,700 I. H. P. 

and of drivng the boat at the rate of 17 knots. 

The U.S. 8S. Buffalo arrived out at Manila February 

3 with a cargo of supplies and 700 sailors as relief 

erews for Admiral Dewey’s fleet. The yoyage from 

New York occupied fifty-four days. This vessel, it 

will be remembered, was originally the Morgan liner 

El Cid, and later was purchased and fitted up as a 

dynamite cruiser by the Brazilian Government. 

Shortly before the Spanish war she was purchased 

by our Navy, and will now be used as a transport on 

the Pacific ocean. 

A course in marine engineering has been established 

at Columbia University, New York, and the chair 

will be oceupied by William Ledyard Catheart, who 

has been ‘acting in the same capacity at Webb’s Aca- 

demy. 
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CONSIDERATION OF THE VOLTAGE 

ELECTRIC SHIP LIGHTING. 

USED IN 

BY ALTON D. ADAMS. 

The voltage or electric pressure to employ is one of 

the first and most important points for decision in the 

design of an electric plant for ship lighting. 

In the United States Navy the standard is 80 volts; 

isolated plants on land usually employ 110 volts, but 

in some more recent work a 220-volt pressure has been 

selected. Just why the 80-volt pressure has been so 

much used on ships seems uncertain, but a desire to 

keep near the pressure required for searchlights is 

sometimes given as the reason. 

Search lamps require about 45 to 50 volts at the are 

and a drop of 15 to 20 volts, through resistance in 

series with the lamp, to insure steady burning, so that 

about 65 volts is all that is necessary for these lamps. 

For isolated land plants the pressure of 110 volts 

was selected at a time when satisfactory incandescent 

lamps could not be had for much higher pressure, and 

the advantages of uniformity have operated against 

moderate changes in lamp voltage. 

Within the last few years improvements have made 

it practical to produce the 220-volt lamp, and it is 

being slowly introduced on new work. In the future 

an increasing number of new plants, having lamps at 

some hundreds and thousands of feet from the dyna- 

mo, will beyond doubt use the 220-volt lamp; but for 

the present a 110-volt lamp must be regarded as stand- 

ard for most isolated plants. 

Questions of insulation and fire risk mainly tend to 

retard change to the 220-volt system, because during 

its years of use there have been perfected for the 

110-volt system a line of fixtures and fittings known 

to be safe and reliable to a high degree. It is also 

known that many of the 110-volt fittings will not 

stand the strain of 220 volts with safety, and time and 

experience will be required to perfect fittings for the 

higher pressure. A parallel can be drawn with steam, 

for it is well xnown that steam pipes and fittings 

which are quite satisfactory at 110 lb. pressure would 

not be safe at 250 Ib. 

The advantage obtained by increased voltage of in- 

candescent lamps is due to the law that for any given 

distance the weight of copper required to supply any 

number of lamps varies inversely as the square of the 

voltage. Tor example, the relative weights of copper 

wire to feed a certain number of incandescent lamps 

at any distance from the dynamo on the 80, 110 and 

220 volt pressure will be as (80)? = 6,400, (110)* = 

12,100 aud (220)? — 48,400. This shows that wiring at 

80 volts requires about twice the copper necessary for 

110 volts, and wiring at 110 volts about four times the 

copper for 220 volts. 

Another fundamental law of electrie circuits is that 

the weight of copper wire to feed any number of 

lamps of given voltage varies directly as the square 

of the distance between the dynamo and lamps. Thus 

100 lamps 75 ft. from the dynamo require but one- 

quarter the copper necessary if they are 150 ft. from 

the dynamo. 

The full theoretical advantage due to increased volt- 
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age cannot be obtained in the small branch wires of a 

system, as these wires must not be reduced below a 

certain size for reasons of mechanical strength. This 

consideration, however, effects the saving possible 

with increased voltage but little, as most of the weight 

is in the large feed wires and mains. 

From the two fundamental laws already stated it is 

evident that the greater the distances between dyna- 

mo and lamps the more saving is to be effected by the 

use of high voltage. 

Coming now to the practical question of what volt- 

age to employ for the average ship plant, the 110-volt 

pressure offers a saving of nearly one-half the copper 

required by the 80-volt wiring, while the same class 

is 
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plants at the present time. The fact that search 

lamps require, with the resistances necessary for 

steady operation, only about 65 volts seems the only 

valid objection to the 110-volt pressure, and this in a 

plant of medium or large capacity is of small moment. 

Moreover, the 80-volt pressure is open to the objection 

of waste, though not in the same degree. 

Consider the case of a nominal .4,000-candle-power 

searchlight requiring 20 amperes at about 50 volts. 

To reduce a pressure of 80 volts on mains to 50 volts 

at the lamp a resistance coil must be connected in 

series with the lamp to have in it a drop of 30 volts 

with 20 amperes flowing. This resistance, therefore, 

consumes power at the rate of 20 x 30 = 600 watts, or 

SCENES AT THE WATER-FRONT FIRE NEAR SOUTH FERRY IN NEW YORK CITY. 

of fixtures and fittings are used for either pressure. 

The 220-volt wiring requires only one-fourth the cop- 

per of the 110-volt; but a more expensive and to some 

extent untried class of fittings must be used and 

greater care taken to insure insulation throughout. 

As most ship plants do not operate lamps more than 

two or three hundred feet from the dynamo, so that 

total cost of wire is but a moderate part of that for the 

entire plant, as risk from fires due to poor insulation 

are especially dangerous at sea, and as repairs to fit- 

tings may be especially inconvenient during a voyage, 

the pressure of 110 volts seems best suited for ship 

600 + 746 = .8 horse power. With a 110-volt pressure 

on .the line the resistance with lamp must cause a 

drop of 110 — 50 = 60 volts, and the power consumed 

with 20 amperes is 60 x 20 = 1,200 watts, or 1,200 + 

746 = 1.6 H. P. The difference in regulating resist- 

ance loss between the 80 and 110 volt system is 

therefore 1,200 — 600 — 600 watts or .8 horse power, 

which in case of a 50-horse-power plant would be less 

than 2 per cent. The fact that a searchlight is usually 

_in operation a small part of each day makes the rela- 

tive loss still smaller on the average. On the other 

hand the amount of copper required for a given per 
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cent of loss in the 80-volt wiring will often lead to a 

larger per cent of loss than would be employed with 

110 volts, so as to more than offset any saving in 

searchlight resistance. 

The enclosed are, which has about the carbon points 

a small glass or porcelain cylinder, nearly air tight, 

requires about 80 volts at the lamp and would thus 

save one-half the resistance-coil loss of a lamp on the 

110-volt circuit. This 80-volt are lamp could not be 

used on the SU-vyolt circuit, as arc lamps operated from 

constant pressure mains require the line pressure to 

be reduced at least 25 per cent to insure steady work- 

ing of the lamps. Not only does the 80-volt system 

require twice the weight of copper wire, but the 

capacity of main switches, number of brushes at com- 

mutator and the size of contact surface on commuta- 

tor must be about one-half greater than that for the 

110-volt plant. 

The commutator requirements just named add 

something to the length and weight of dynamo and 

to the attention necessary at brushes. Having so lit- 

tle against it and so many points of advantage the 

pressure of 110 volts may reasonably be expected to 

grow in favor for ship-lighting plants. 

Lord Charles Beresford, the dashing Britsh naval 

officer, is now in this country on his way home from 

an official visit to China in the interest of the British 

Associated Chambers of Commerce. He is one of the 

strongest advocates of the “open-door” policy in the 

Far East, and while here he is endeavoring to obtain 

the views of American Chambers of Commerce with 

regard to the future development of trade and com- 

merce with the Chinese Empire. In the course of an 

interview which he gave to a representative of the 

press he said: 

“The yery astounding performance of the battleship 

‘Oregon in her long run from San Francisco to the 

seene of hostilities in the Atlantic challenged the ad- 

miration of naval men throughout the world. While 

this is a remarkable tribute to the genius of the build- 

ers and those who equipped her, it could not have 

been accomplished without the most devoted attention 

to details on the part of the captain, officers and ship’s 

company, particularly the chief engineer, engineers 

and firemen, who stood the long strain so manfully.” 

Lord Beresford is a high authority in naval matters, 

not only theoretical, but practical. He took part in 

the bombardment of Alexandria in command of 

H. M. S. Condor, and for special bravery in placing 

his vessel close in he was rewarded by the famous 

signal made by the British Admiral, ‘“‘Well done, Con- 

dor.” 

The new steel yacht Willada, for Colonel William 

Hester, of Brooklyn, now under construction at Wil- 

mington, Del., will measure: Length, 102 ft.; beam, 

16 ft. 6 in.; depth, 9 ft. 3 in. She will be fitted with 

a triple-expansion engine, 9 in., 14 1-4 in. and 23 1-2 in. 

by 14 in., built by the Fore River Engine Co., of Wey- 

mouth, Mass., and will have an Almy water-tube 

boiler. Colonel Hester is well known in yachting cir- 

cles as owner of the sloop Wizard. 
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IMPROVED APPARATUS. 

Hutchison Separator. 

The accompanying figure shows a new steam and 

oil separator, designed by Richard Hutchison, Tre- 

mont Building, Boston. The body is cylindrical and 

divided into upper and lower compartments by a hori- 

zontal partition. In the upper compartment a corru- 

gated copper diaphragm is arranged so that any vapor- 

ous current passing through this chamber is made to 

travel by an inverging and outverging spiral path 

always in the same horizontal plane. The steam or 

vapor is not only brought in contact with a large 

amount of impact surface, but foreign matter, being 

heavier than the current, is thrown by centrifugal 

action against the diaphragm as well, from whence it 

runs down the corrugations, without again crossing 
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SECTIONS OF HUTCHISON SEPARATOR. 

the current of vapor, into the reservoir below. This 

reseryoir can be drained automatically by a trap. 

The copper diaphragms in the cut shown here are held 

in place by their serrated edges being forced into 

taper spiral grooves, when the upper and lower parts 

of the separator are bolted together. The elliptical 

opening through the centre of the horizontal partition 

will usually be of ample capacity, but small drips are 

provided as well in the event of an unusual influx of 

water, when some might be carried past the central 

opening. Wither nozzle may be used as the inlet, so 

that as regards the water glass rights and lefts are 

not necessary. 

These drips are carried down so that the water in 
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the lower chamber will form a seal and prevent steam 

short-cutting down one and up the other. The lower 

chamber is designed unusually large, with a view to 

having it act as a receiver for the engine containing 

steam supply ample to satisfy an unexpected demand, 

thereby preventing pulsations and combining the con- 

sequent advantages. These separators below, 4 in. in 

size, are cast complete in two pieces and bolted to- 

gether by a vertical body flange; from 4 in. to 8 in. 

they are made as shown in the cut, and above 8 in. 

the shell is steel plate, with cast steel nozzles riveted 

on. 

Lubricating Oil Pump. 

The illustrations show an improved form of forced 

feed, known as the McClure lubricating oil pump. It 

is intended for cylinder lubrication either with the 

main engines, or dynamo, fan or steering engines, and 

ean also be used for lubricating working parts, such 

as the crossheads and guides. The pump is attached 

to the frame of the engine and is connected with some 

moving part, so that the speed of the pump will vary 

with the speed of the engine. , The pump body is made 

of cast iron, with a capacity of one quart or half a 

gallon, according to size. This contains the pump 

mechanism, aS Shown in the sectional view. The 

pump plunger is fitted with adjustable nuts, so that 

the quantity of oil delivered at each stroke can be 
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lubricator has been used with excellent results. The 

address is the McClure Oil Pump Co., Detroit, Mich. 

Generating Set for Shipboard. 

A compact generating set for ship lighting is shown 

in the accompanying engravings of a B. EF. Sturte- 

vant installation on the steamship Berlin, of the Amer- 

ican Line. The engine is of the twin-cylinder, high- 

pressure, fly-wheel-governed type, with cylinders 9 in. 

dia. and 5 1-2 in. stroke, direct connected to a con- 

tinuous-current generator, having a capacity of 40 

K. W. Both engine and generator are mounted on 

one base, and the weight, set up ready for use, is 

10,000 lb. The engine is designed with a view to the 

specially trying conditions of shipboard work, having 

all parts made with good proportions of the highest 

class materials, and with large wearing surfaces. 

The two cylinders and valve chests are in one casting, 

earried on stout columns, square at the back and 

turned in front. Hach cylinder. has a separate piston 

valve, and both are worked from the same crosshead, 

which receives its motion from a rocker arm ful- 

crumed between two of the supporting columns and 

operated by the eccentric rod, connection with the rod 

being made by a ball and socket joint. The position 

of the eccentric is controlled by the fly-wheel gov- 

ernor, which is of the Rites type. The engine 

cranks are set opposite, that is, at 180 deg., so that 
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regulated very exactly. The plunger is driven by a 

link attached at its lower extremity to a ratchet plate, 

which is rotated by contact with a ring or cap and 

arrangement of rollers, this ring being connected out- 

side with a reciprocating portion of the machine to be 

lubricated. The valves are inserted from the top of 

the lubricator, so that they can be withdrawn readily 

for examination. A cork float with indicator-rod is 

used to show the oil level in the receiver. When used 

for cylinder lubrication an independent sight feed at- 

tachment is supplied. The makers state that this 

INTERIOR AND EXTERIOR OF MCCLURE OIL PUMP. 

as one piston goes up the other goes down. Both 

valves, however, travel in the same direction at the 

same time. In order that, notwithstanding this, 

steam may be admitted to the top of one cylinder at 

the same time that it is admitted to the bottom of the 

other, the inside of one valve is used for steam and the 

outside for exhaust, while in the other valve the steam 

is on the outside and the exhaust on the inside. Live 

steam entering, aS Shown in Fig. 1, passes to the ends 

of valve 1, as shown in the section through A B, Fig. 

2, and to the middle of valve 2, as shown in the section 



24 

through OC D, Fig. 3. When the valves are in the 

positions shown, cylinder 1 will be taking steam on 

top and cylinder 2 on the bottom. ‘The valves are 

fitted with snap rings and travel in removable bush- 

ings. The crossheads are of the slipper type, with 

projecting crosshead pins, the rod ends being yoked, 

thus furnishing ample pin surface. The crank pins 

are 4 1-2 in. long and 4 in. dia. The crank shaft is 
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dust. Ventilation is effected by the use of specially 

constructed veins, forming air ducts between the 

laminae of the coil, thus converting the armature into 

a blower, and creating a strong draft through the 

windings. The brushes are of the reaction type, and 

when properly set insure sparkless operation under 

all changes from no load to 25 per cent overload. The 

temperature rise after ten hours’ full load run is lim- 

SECTION AT E-F 

) | EN 
=O + 

| | Nel wi NR 
\|E 

HE a 
) \8 k Et fh | oO t 

\ |e | 2 | é <a 

le a (3 Nas 
| (5 SS 
\ |w S 

2 ‘3 

im } 
( | Lo \ | 
| i 
| ; 

LLL 

CENTER LINE CYLINDER 

EXHAUST 

VALVE 
™ 

SECTIONS THROUGH CYLINDERS OF STURTEVANT ENGINE. 

4 in. dia. Forged steel is used for both the connect- 

ing-rods and crossheads, and the shaft is also forged 

in one piece. An oil tank upon each end of the cylin- 

der casting is provided with individual sight feed oil- 

ers and connections to the various bearings. The en- 

gine is rated at 60 H. P. at 625 revolutions. On an 

extension of the engine shaft, with coupling between, 

the armature of the dynamo is carried, and the outer 

bearing is of the special ring-oiler pattern. 

The field ring of the generator is of cast steel with 

wrought-iron pole pieces and cast-iron shoes. The 

armature is of the barrel-wound type, built up on 

spiders and with cast-iron flanges bolted thereto, 

forming supports as well as cylindrical receptacles 

for the projecting ends o1 the coils, and also protect- 

ing them from any oil that may be thrown. The in- 

terior surface of the armature is perfectly smooth, 

offering no opportunity for the collection of oil or 

ited to 90 deg. For the illustrations here printed we 

are indebted to our contemporary Power. Additional 

particulars can be had from the manufacturers, the 

B. FE. Sturtevant Co., Jamaica Plain, Mass. 

Portable Air Compressor. 

Our illustration shows a 12 horse power Fairbanks- 

Morse gasoline air compressor, which is mounted on 

an iron frame truck, the object being to make it a 

portable outfit which could be conveniently moved 

about for field work. The outfit is mounted com- 

plete with all accessories; two tanks are provided for 

cooling water, one for each cylinder. The air re- 

ceiver is suspended under the frame and a tank for 

gasoline is suspended at the back of the truck. 

This compressor, like the standard stationary com- 

bination, is fitted with a mechanical unloading de- 
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vice by which a constant pressure is maintained in team of horses. One of these outfits was furnished to 

the air receiver tank. An electric igniter is used for the Cleveland Shipbuilding Co., Lorain, O. In a 

STURTEVANT GENERATING SET. 

firing the charge in the cylinder, and a self-starting large yard or for repair work, which has often to be 

device is provided for setting the engine in motion. done remote from the shops, the value of this outfit 

FAIRBANKS-MORSE PORTABLE AIR COMPRESSOR. 

With a truck arranged as illustrated, with broad will be readily appreciated by builders. It is made by 

wheels, the outfit can easily be pulled about by a Fairbanks, Morse & Co., Chicago, Ill. 
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N effect of the Spanish war has been to forci- 

A bly direct the attention of foreign nations 

to the influence of America as a sea power, not 

merely naval, but mercantile. ‘This has been made 

manifest by the frequent articles and observations 

lately printed in foreign papers bearing on the 

subject. Prior to the war the interest of foreign- 

ers in this expression of our national energy was 

languid. They knew that ships could be and 

were built here, but those in the foreign trade 

were not numerous; the American flag was a stran- 

ger to many ports and infrequently seen in any. 

The marine activities of other nations were ever 

present, and very naturally the objects in view 

received more attention than those remote. Ma- 

nila and Santiago had a seismic effect, however, 

and now the leading maritime nations are stand- 

ing around wondering what will happen next. 

From professional engineering circles abroad, espe- 

cially British, comes the admission, given conde- 

scendingly, that very probably the American peo- 

ple will be able to build up a merchant marine and 

get their share of the carrying trade. Well, the 

American people can do it, and will do it, and when 

they have finished a good many ship owners and, 

probably, shipbuilders abroad will have gone out 

of business. The foreign capitalist, who looks at 

the subject with no professional bias, appreciates 

the situation more fully than the engineer. His 
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opinions are voiced in an important article pub- 

lished recently in the Statist of London, and re- 

produced in this issue on another page. This 

notes the great national desire for an adequate 

merchant marine, and the present conditions in 

the steel trade, which permit the production of 

high-grade material as cheap or cheaper than it 

can be made abroad. ‘There are indications even 

now of a great awakening in shipping circles here. 

Shipyards on the coast are filled with orders, and 

new plants which but recently were either inactive 

or not in existence are now engaged in turning out 

steam tonnage. A rough estimate of the amount 

of work of all kinds in the shipyards of the country 

places it at nearly half a million tons, of a money 

value away up in the millions. These, however, 

are simply evidences of the spirit which prevails 

and which will finally place this country in its 

proper position as a maritime nation. ‘There is 

much to be done yet in the way of legislation, in 

interesting capital in shipping, and in the proper 

equipment of yards, so that work can be done eco- 

nomically, enabling the builder to make competi- 

tive prices and a profit at the same time. Business 

conditions are favorable to an early expansion of 

the merchant marine; new possessions have been 

acquired, and, of probably greater mercantile im- 

portance, manufacturers of all sorts of wares are 

successfully reaching after foreign trade as never 
before. When such trade reaches sufficient pro- 

portions indirect shipments, which are now made 

to many ports, will no longer be profitable, and 

direct lines will result. There is a tremendous 

amount of work to be done, however, before these 

much-desired results are obtained and America 

heads the list in merchant marine tonnage. Every 

one who is interested can help the movement along 

by personal exertion, no matter in how limited a 

sense. ‘There is now no greater humiliation pos- 

sible to an American than to visit any of our prin- 

cipal seaports and note the invariable absence of 

the American flag and the presence of foreign flags 

on steam tonnage in the foreign trade. ‘Thousands 

of tons of shipping are added yearly to lines trading 

between American and foreign ports, and the pro- 

portion owned and operated by Americans is prac- 

tically nothing. Even in the vitally important 

and profitable transatlantic trade the amount of 

real American tonnage is pitifully small. — 

— ——— <= 

NE of those fortunate accidents which recall 

the saying that everything that happens is 

for the best occurred at the Navy Yard in New 
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York on the night of February 15, and resulted in 

the destruction of the machine shop by fire. After 

the members of the engineering staff and all the 

workmen had gone home fire broke out, from 

causes unknown, in the upper portion of the build- 

ing, and though details of sailors and the city fire 
department did very effective work the building 

was ruined. But for this speedy and unexpected 

remoyal the shop would be now, and for how long 

in the future no one knows, a monumental dis- 

grace to the most important Naval station in the 

country. A more unsuitable or inconvenient 

building for such a purpose it would be hard to 

design: if we mistake not it was originally in- 

tended for a textile factory. It was L-shaped and 

storied, dark and depressing, and altogether out of 
date. Then too there was a wonderful collection 
of antiquated tools within its walls. It is, of 

course, a matter of congratulation that the fire did 
not occur during the late war, when a tremendous 

amount of work was turned out there, and that in 

a hurry too. Now, however, there is opportunity 

to take time to replace the old shop with a thor- 

oughly modern structure, in which questions of 

hygiene, shop management, which includes a 

-proper disposition of machines, and adequate 
accommodation for the executive staff will be well 

considered and worked out. A thoroughly mod- 

ern equipment of modern machine tools and appa- 

ratus for economically handling work goes without 
saying. It should be a matter of pride with those 

concerned to have a shop that would be adequate 

for the future needs of the Navy, and that would 

serye as a model for private shops to copy with 

advantage. The Navy has done so much for the 

country in raising the standard of quality of mate- 

rial that it could, now that the opportunity is at 

hand, create a new standard in machine-shop de- 

sign and equipment. 

aN SN NN ac 

N the course of a debate in the House recently 

Mr. Bromwell, of Ohio, proposed that one of 

the new war vessels be named “The American 

Boy,” and a number of very unsentimental gentle- 

men opposed him. It would be of passing interest 

to know how many of these members had familiar 
experience with the American boy in their homes. 

As to the proposition, however, it was one for which 

the Navy Department will be devoutly thankful, 

seeing that the list of States is limited, and naval 

heroes’ names are being rapidly exhausted in giving 

identity to our torpedo boats and destroyers. The 
name of a ship is a matter of great consequence, 
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and we therefore timidly venture a few sugges- 

tions. In some way the ship should be typical—a 

great opportunity for the designer to show his 

sense of the fitness of things. (Here we are in 

doubt whether “The American Boy” should be 

referred to as “he” or “she.” Usage decides in 

favor of ‘“‘she.”) Well (his?), her figurehead should 

display a red Indian in full war paint, and she 

should be supplied with a syren of special pattern 

that would let out a regular Comanche war whoop 

in time of trouble. Then she should be chock 

full of guns, all rapid-fire, and should carry an 

extra supply of ammunition so as to be able to fire 

often and fire fast. There would be no doubt of 

her popularity among Young America; did she but 

touch at any of our ports the public schools would 

be closed, for no American boy could be expected to 

pay attention to the three Rs when his namesake 

was in port. ‘There would be this drawback about 

the name, that when the vessel came of age her 

(his?) name would have to be changed to “The 

American Man,” and then the change of name 

would call for an appropriate change of appear- 

ance, such as a lengthening or broadening out, or 

the substitution for the matured vessel of a larger 

and more powerful ship. Though the name 

would be very good for a starter we believe that it 

is too general to be altogether satisfying. Would 

not it be better to build a “Boy” class, just as the 

British have an “Admiral” class, for example? 

Then distinctive types of “Boy” could be properly 

represented; or, better still, use the “Boy” to dis- 

tinguish the type of vessel so named. For in- 

stance, “The Butcher Boy” would be an appro- 

priate name for one of those fat, dumpy monitors 

that would have a slow, steady gait. Then “The 

Newsboy” would call to mind a diminutive, smart 

little gunboat, quick in its movements, that could 

scrap on the least provocation and stand any 

amount of hard knocks. Then for a really slow, 

vacillating sort of vessel, say of the collier type, 

what name could be more suitable than “The Dis- 

trict Messenger Boy?” She would live up to her 

reputation of getting to any point when she was 

good and ready. “The Good Boy” should be fit- 

ted with twin rudders, and be warranted to get in 

and out of New York harbor without grounding; 

and “The Bad Boy’—well, no hostile commander 

could risk an engagement when he was around. 

“The Tomboy” would be a saucy little cruiser that 

could always ship a crew. Space does not allow 

further examples, though they are numerous, lut 

the foregoing we respectfully submit to the Co1n- 

mittee on Naval Affairs. 
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BRITISH VIEW OF THE FUTURE OF AMERICAN 
SHIPBUILDING AND SHIPPING: 

Perhaps the most important economic question of 
our time is connected with the development of the 
iron and steel industries of the United States and the 
probable consequences of that development, not only 
on the cognate industries of Europe, but also on the 
whole maritime relations of the commercial world, 
says the Statist, London’s financial authority. In the 
palmy days of the proud wooden “clippers,” the Ameri- 
cans had the bulk of the transatlantic carrying trade 
and the best of the carrying trade between Great 
Britain and China and Australia. Their wooden ves- 
sels were not only things of beauty, but were, with 
national ingenuity, constructed so as to combine high 
speed with the largest possible cargo capacity, and 

with every possible contrivance for saving labor. We 
are, indeed, apt to forget that America once divided 
with us the world’s carrying trade, if, indeed, for a 
time she did not have the lion’s share. It is only since 
the age of iron that she has lost that position; though 
she need not have lost it had not the fiscal policy that 
has developed since the civil war prevented her both 
from importing material wherewith to build ships at 
a profit, and also from buying ships from foreigners, 
except under practically prohibitive conditions. And 
now we are face to face with two momentous facts 
that presage a revolution in the world’s shipping and 
a formidable competitor with Great Britain as the 
world’s common carrier. These facts are (1) that the 
people of the United States have now become impa- 
tient of their stifling navigation laws, and are craving 
for a national merchant navy; and (2) that now, for 
the first time in their history (since the decline of the 
wooden ships), are the Americans able to produce 
shipping material on a level with Great Britain. 

It is probable that Congress will soon revise, if not 
repeal, the navigation laws. Leaving, however, the 
fiscal aspects of the question for the present, we pro- 
pose to take a rapid view of America as an actual iron 
and steel producer and as a prospective builder of 
high-class modern iron and steel vessels. 

In the first place, we have to note that the States 
have not yet reached their maximum power in the 
production of pig iron. Their furnaces are much 
larger than ours, and their proportion of obsolete types 
must be small, indeed, compared with the number of 
antique examples we have still standing in England, 
Scotland and Wales. At any rate, their existing fur- 
naces are computed to have a capacity of over a 
million tons per month. The actual production has 
not yet reached that capacity, and there is, of course, 
no limit but that of capital to the number of new fur- 
naces which may yet be built. Can such enormous 
quantities be produced as cheaply as in Britain? The 
truth seems to be that in the more favorably situated 
works of the United States, and with the more eco- 
nomically worked furnaces (which are three or four 
times the size of ours), the prime cost of American 
pigs is below that of either Scotland, Cleveland or 
Cumberland in the respective qualities. This is a 
point on which we must speak with some diffidence, 
as it is a matter for industrial experts, and we by no 
means accept the shipments of American pigs to Eng- 
land as evidence of profitable business. But experi- 
enced iron manufacturers with whom we have con- 
versed have expressed their belief that the southern 
States of America, and those of the northern States 
that are within easy reach of the lake ore, can cer- 
tainly smelt pigs more cheaply than we can. It is 
enough if they can do it as cheaply, when we pass to 
the next stage of competition. 
And in all stages the Americans have the advantage 

of cheaper fuel. Barring India. American coal is now 
the cheapest in the world, and on the average is to 
the industrial consumer fully 6 cents per ton cheaper 
than the average in England, Scotland and Wales. 
This is an advantage, of course, that tells at every 

March, 1899. 

stage of manufacture. It is also a noteworthy fact 
that wages in the American iron industry have been 
materially reduced of late years, while the producing 
capacity has also increased. The eight-hour move: 
ment is unknown in the States and the continuity of 
energy is one of the great factors in American indus- 
trial development. To take one example: At the 
Pennsylvania blast furnaces, in 1880, the wage cost 
was about $2.50 per ton of pig iron. By 1890 the wage 
cost was reduced to $1.25, and now it has been pretty 
generally reduced to about 50 cents per ton. Again, 
the average annual output per employee was, in 1880, 
190 tons. It is now about 550 tons. These facts 
speak for themselves, and those who run can read 
their significance. 
Now, take another fact in relation to the American 

iron industry. Until within recent years that industry 
practically depended on the development of the rail- 
way systems of the States. When railway building 
was slack the iron industry was depressed, and vice 
versa. But of late years, while railway building has 
shrunk to insignificant proportions, the production of 
all kinds of iron and steel has enormously increased. 
Look at the following figures: 

Mileage of Output of 
New Railroad Output of Finished Iron 

Built. Pig Iron. and Steel. 
Year Tons Tons. Tons. 
ty Piesncnencd sou dank auauoasas ao 11,500 4,623,323 3,500,000 
aL aorta acco anaetucna ns 13,000 6,417,148 5,250,000 
1897565 Soe ee nee ee ..... 1,880 9,652,680 7,000,000 

Of course, this means that producers of American 
iron and steel have found new and larger outlets for 
their material in other industries than railway build- 
ing. g 
One outlet may now be accounted the making of 

steel rails for export. Kor American steel rails are 
now being supplied on contract to British India, Rus- 
sian Asia (the Trans-Siberian line), the West Indies, 
Nova Scotia and Canada generally, South Africa, 
Hawaii, and even Ireland. In one month last year 

the two largest steel rail companies are said to have 
booked between them no less than half a million tons, 
the larger proportion of which was for export. Nor 
is this surprising, for prices in America (under the 
stress of constantly expanding competition) have been 
coming down as they have been going up in Hurope. 
Thus, in 1896, the price of steel rails was $25 per ton 
in the United States, $27.50 in Germany, and $24.34 
in Great Britain. In 1898 the current prices were 
$19.50 in the United States, $29.34 in Germany, and 
$23.12 in Great Britain. The reduction in America 
is not due to competition alone, but largely to the 
reduced cost of material and greater economy in pro- 
duction. 

It is, of course, the reduced cost of production that 
has given America a chance in foreign markets that 
she never had before. The surplus of many American 
manufacturers has been often enough ‘‘dumped” into 
foreign countries—especially Canada—in order to re- 
lieve the home markets. But the business now being 
done by Americans in iron and steel cannot be regard- 
ed as of the “dumping” character. They are cultivat- 
ing an export trade, and with such success that in the 
vear ending June 30 last the exports of raw and man- 
ufactured iron and steel amounted to $70,867,527, as. 
against $57,497,872 in the previous year. These ex- 
ports consisted of 235,868 tons of pig iron, 232,552 tons 
of railway iron, 64,745 tons of iron wire, 60,195 tons 
of scrap iron, 30,585 tons of structural iron and 16,100 
tons of steel billets and ingots. The total quantity of 
all sorts sent to Great Britain was 150,000 tons, and 
nearly all the rest was sent to countries accustomed 
hitherto to buy from us. In the nine months ending 
September 30 the exports of steel rails amounted to 
222,973 tons, valued at $4,465,087. These figures com- 
pare with 88,573 tons and $1,891.724 in the correspond- 
ing portion of 1897, and with 50.841 tons and $1,189,106 
in the corresponding part of 1896. 
The largest buyers of the increased quantity have 

been Canada and Japan; and it is well to remember 
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that it was stated in Parliament last session that the 
lowest tenders for rails for the supply of the Indian 
railways were American. As to Japan, which used 
to get all her rails from us, we note the following in a 
special report by Mr. Lyon, United States Consul at 
Hiogo: 

“In 1896 the United States exported to Japan only a 
little more than one-sixth as much railway iron as 
England did; but in 1897 a very notable increase took 
place from the United States in such suipments, and 
exportations from the two countries stood thus: 
Great Britain, $810,091; United States, $625,088. At 
this rate another year will show the United States to 
have left its competitor in this export far behind.” 
That may or may not be; but the enormous advan- 

tage possessed by the United States in the coming 
market for railway iron in China is an important fac- 
tor in the development of production now taking 
place. That development has gone on to steel ship 
plates, which are now being shipped to this country 
for shipbuilding. 
The point we have sought to bring out is that Amer- 

ica has now so developed her iron and steel industries 
that she must find fresh outlets for her products. 
Such outlets she is finding, as we believe with profit, 
in foreign markets for certain products. For other 
products, however, she will need to create a new ship- 
building industry of her own; and what has been done 
or is being done in that connection we must reserve 
for future examination. No thoughtful man, ac- 
quainted with the American character, who considers 
the situation, can fail to perceive that the greatest 
competition to be faced by British industry and enter- 
prise in the future is that of American shipbuilding. 
It may be deferred a few years, but it is bound to 
come. 

Wages on British and American Steamships. 

To give our readers an idea of the rate of wages 
paid on oil tank steamers under the British and Amer- 
ican flags, says the American Shipbuilder, we obtained 
the following facts: The Alleghany, as will be re- 
membered, was wrecked in these waters and after- 
ward became the property of Lewis Luckenbach, 129 
Broad street, New York. She was extensively over- 
hauled by Neafie & Levy, and is now in the trans- 
atlantic oil trade, having left this port January 18, 
bound for Dover, England, for orders. She will return 
in ballast. The wages paid the crew are as follows, 
under the two flags: 

American. British. 
Captain, $125 Captain, $100.00 
1st Officer, Wh) 1st Officer, 47.50 
2d Officer, 60 2d Officer, 35.00 
Chief Eng., 125 Chief Eng., 90.00 
1st Asst., 70 2d Eng., 60.00 
2d Asst.. 60 3d Eng., 35.00 
2 Oilers, 40 each 2“Greasers,’ 25.00 each. 
Steward, 4 Steward, 30.00 
Cook, 35 Cook, 26.50 
8 Sailors, 25 each. 6 Sailors, 20.00 each. 
6 Firemen, 35 each, 8 Firemen, 21.50 each. 
2 Coal passers, 30 each. 

The above table shows that the Alleghany cost $764 
per month under the British flag and $1,140 per month 
under the American flag, for wages alone, making a 
total of $4,512 per year in favor of the British ship. 
The Alleghany carries 26 men, under the American 
flag, which is two more than she carried under the 

British flag. This ship burns 22 tons of coal per day, 
making a speed of 11 knots. The food is much better 
(and consequently costs more) on American steam- 
ships than on British, although there is little, if 
any, difference in the food given to sailors on sailing 
ships under the British or American flags. The dimen- 
sions of the Alleghany are: Length, 320 ft.; beam, 
depth, 19.2 ft.; British tonnage, net. 1,911; gross, 2,914. 
Tonnage under the American flag, 1.889 net. 3.009 
gross; engines, triple-expansion. 25, 40 and 66 in. by 
45 in. stroke. The vessel was built by Craig, Taylor 
& Co., in 1890, at Stockton, England. 
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EDUCATIONAL DEPARTMENT. 

CALCULATIONS FOR ENGINEERS—AN AID TO 
CANDIDATES FOR MARINE PAPERS—VI. 

BY DR. WILLIAM FREDERICK DURAND. 

(12) Propositions in Statics. 

Following are a few simple propositions in statics 
given without proof. 

(1) A force may be transferred along its line of ac- 
tion without changing its effect. 

(2) Two forces equal and directly opposite will bal- 
ance or produce equilibrium. 

(3) PARALLELOGRAM OF Forces. If two. forces 
whose lines of action meet in a point O are represented 
in amount and direction by the lines O A and O B, then 

will the resultant of these two forces be represented 
also in amount and direction by the diagonal O C of 
the parallelogram O A OC B erected on O A and O B as 

adjacent sides. 
(4) A force O C, represented by the diagonal O C 

reversed will balance O @ or R, and therefore will bal- 

ance P and Q. 
(5) Ponycon or Forces. Let there be a system of 

forces represented as in(a). In (b) starting at any point 
O draw O A, equal and parallel to O A. Then from A, 
as starting point draw A, B, equal and parallel to O B, 
and so on, drawing finally #, F, equal and parallel to 

Then will the closing line O Ff, in direction and 

amount represent the resultant of the system of forces, 

while O F, reversed, or F, O, will represent similarly 

the balancing force of the system—that is, the single 

force which will balance the system and with it pro- 

OF. 

duce equilibrium. In the construction in (b) the order 

in which the forces are taken is indifferent, but we 

have here supposed them taken in regular order to the 

right, beginning with O A and ending with O F. 

It is readily seen that this proposition is a generali- 
zation of (3) extended to cover the case of any system 
of forces. It follows from this proposition that if any 
system of forces may be represented as in (b) by the 
sides of a completely closed polygon, then such system 
wil produce equilibrium, for the resultant in such 
case would be 0. Again in sucu case any force may 
be considered as the balancing force for the system 
composed of all the others, and any force reversed 
may be considered as the resultant of the system com- 
posed of all the others. 

(6) Components. In the figure the two forces P and 
O are at right angles. In such case they are known as 
the components, or, more correctly, the rectangular 
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conponents, of their resultant 1 along the lines O D 
and-O H#. In general the component O B of any force 

n Cc 
A 

Pp 

O Q i 

O C along any line O # is found by drawing from C a 
line C B perpendicular to O #, thus determining the 
length O B. 

(7) ConpiTiIons FoR Haquiuisrium. The conditions 
for the equilibrium of any body are as follows: 

(a) The sum of all the components of all the forces 
acting on the body taken along any line, or more par- 
ticularly along any pair of lines at right angles, must 
balance. 

(b) Taking any point as origin, the sum of the mo- 
ments of all the forces tending to turn the body in one 
direction about this origin must equal or balance the 
corresponding sum in the other direction. 

If all the forces act at a single point, only the first 
of these conditions is necessary. If instead they act 
at different points of a body, both conditions are nec- 
essary. 

[13] Mechanical Powers. 

Lever. A lever consists essentially of a bar which 
supports a weighc or applies a force at one point by 
means of a force applied at another point, the bar in 
the meantime being supported and turning about a 
third point called the fulcrum. According to the re- 
lation of these three points, levers are divided into 
three classes as below. 

LEVER OF THE I'Irst Cuass. In this the fulerum R is 
between the points of application of the forces P and 

Tite >) | 

w— —a——>ke b> 

» R 
P Ww 

W. The following proportions and equations apply to 
this case: 

IPS WY eek a C8 PO= Wl 
IP 2 IPS y 22 DSU Oe JPU = CPSEWY) bo 
Wz P+W:a:t or Wl=(P-W)a 

b b i W W 
IP = - Wi + W) Vv po= Paw! 

a /P IP 

b 
W=;P=5 (P+ W) 

LEVER OF THE SECOND 

eee eae 

Cuass. In this the weight 
lifted or resultant force W is between the applied 

— — — | — — — a 

Sa — a bi 
! ' 

w R 

force P and the fulcrum Rk. The following proportions 
and equations apply in this case: 

IP 2 Wil eo not OP IP = Wlo 

IOB (UL — 12) 2 O8S@ Oe JPG == (il — JP) & 
WS (i IP) B31 Ban Ore Wy = (CI — IP) 

Die pa vaeni WS”, WH? 
bine hemes) ee eee OR 

7 ees) ee eee Wires RG | ) OT = 7 De 

e 
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LEVER OF THE THIRD Cuass. In this the applied 
force P is between the weight lifted or resultant force 

| ' 
= =) > MaKe a4 

re — ——|1——> 4 

W and the fulerum R. The following proportions and 
equations apply to this case: 

Pep coise@ Oe a=W ll 
(P—W) 3:We2b:sa or (RP—W)a=WMo 
GP) sJP22 bet Ce CP=Wl= Pb 

f U. Aaa $ WwW 4: W b 
Fal = 5 CP WY) G= 5 =pliy 

5 @ 5 @ 7p VW i Pam YW We 
Wi = 7 Paes, | == lh’) eR os P 

An ordinary crowbar, a pair of scissors, an air pump 
lever, are all examples of a lever of the first class. 
A pair of nut crackers, an oar (the water being the 
fulcrum), and often many of the levers about the start- 
ing and drain gear of an engine, are examples of a 
lever of the second class. The forearm (the elbow 
being the fulcrum), or a ladder when raised against a 
house, are examples of a lever of the third class. 

WINDLASS AND CRANK. In this device a barrel B is 
carried on an axle supported in bearings at A and 0, 
and operated by a crank D. The weight W may then, 
by means of a rope wound on the barrel, be raised or 

OTTER 

emmnaaaes PP 2 Giawaweer77 
IIIDIIII) 

lowered by the action of a foree P applied at the 
crank. The following proportions and equations give 
the relations between the various quantities con- 

cerned: i 

IP 2 Vi 22 PS Ik Oe IP IR == Wl # 
r ale. DP = Bi W==P 
Vv r 

P W 
r == Ww I Iv P iP 

r = radius of barrel. 

R = radius of crank. 

Grarep Horst. This device is similar to those of 
Figs. 53 and 54, with the addition of gearing between 

the force P and the weight W. The following equa- 
tions apply to this case: 

Ip TT 
Wa SNR eR 

PR Py 
P= RR, W 

if = ep 
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Most deck winches are illustrations of a simple geared 
hoist. 

R,=radius of A 
r, =radius of B 
R,=radius of C 
r, =radius of D 

SINGLE FixEp Puuuny. A is a pulley or sheave sup- 
ported from R and turning about its center. BCisa 
single rope led over the pulley, to one end of which the 

R 

e c 

P Ww 
force P is applied, and to the other end of which the 
weight W is attached. The following equations apply 
to this case: 

P= Wy 
R—=P+W —2 P 

Velocity of W = velocity of P 

A single whip used for raising light weights is an illus- 
tration of this purchase. 

SincLE Movasue Puuuny. A is a pulley or sheave 
to the frame of which is attached the weight W. BC 
is the rope rove through the sheave, having one end 

made fast to the support D, while to the other is ap- 
plied the force P. The following equations apply to 
this case: 

Velocity of W — 1-2 velocity of P 
Tacks and sheets on light sails are illustrations of this 
form of purchase. 

Lurr TackuE. In this purchase there are’ two 

sheaves at A and one at B, and the rope is led as 
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shown. The following equations apply to this case: 
iY == B JP 
[B= BP 

If upper block is fixed, 

Velocity of W — 1-3 velocity of P. 
If lower block is fixed, 

Velocity of R — 1-4 velocity of P. 
In order to obtain the greatest advantage with this 
purchase, therefore, B should be the fixed block. 

A Parr or Buocks, AS IN THE LurrF TackLEe WIGURE, 
witH ANy NUMBER OF SHEAVES IN HitTHER BLOCK. 

We total number of ropes at the lower block, passing 
P through and attached. 

R _ total number of ropes at the upper block, passing 
through and attached. 

Thus in the figure the number of ropes at the lower 
block is 8 and at the upper block 4, which, according 
to the rule, would give the same relations between P R 
and W as in the equations above. 

DIFFERENTIAL PutuEry. In this purchase there are 
two sheaves at A fastened together, or made in one 

piece, and one sheave at B. A rope or chain is rove 
as shown in the figure, and the force is applied at P 
while the weight W is supported from the lower block. 
The following equations apply to this case: 

R=radius of larger upper pulley 
r —radius of smaller upper pulley 

a Ue oes 
On PH RSF 

2K » =p P 
R—r 

R=? 
Velocity of W — = (velocity of P) 

The differential pulley is commonly found in all 
engineers’ outfits on board ship. 

INCLINED PLANE. 

Ww b b 

(Pa sety e Ol ne ati Nien 

@ AB 

© h 

W 

A 3) C 

and P= 5 W 
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WEDGE. 

R h i h x 
P OL, Ro = = dE 

a ) 

h R 

ScREW. 

p = pitch of screw 

P = force applied at radius r 
W = pressure exerted 

IPE UY So io Bas G 
or P: W :: p : 6.2832 7 

; 6.2832 7 
OP = =k 

P 

a DTT, 
P= 62398977 

Examples of the applications of the three last figures 
will be too familiar to need special mention. 

Examples in Mechanics. 

We give below the solutions of a few simple ex- 
amples as illustrations of the preceding principles of 
mechanics. In all cases the effects of friction are 
omitted. 

(1) In a lever of the first class as shown, a@ = 48 and 
b = 8. With a pull P of 160 lb., what weight W can 
be raised? 

Ce 48 
W= b [P= 8 

(2) In a lever of the second class as shown, 1 = 72” 
and 6=12”. What force P will be required to raise a 
weight W of 600 lb.? 

160 — 960 Ib. 

Oars 12 
P= 7 hy = 7 < 600 100 lb. 

(3) Ina lever of the third class as shown, / = 40 ” 
and W = 30 1b. Where must a force P of 80 lb. be lo- 
cated so as to maintain equilibrium ? 

== SK 6) = 11” 

(4) The dimensions of a windlass and crank as illus- 
trated are as follows: Radius of crank = 14”. Radius 
of barrel =4 1-2”. What weight can be raised with a 
force of 60 lb. applied at the crank? 

- meter of the wheel is 6’ and of the axle 10”. 
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14 
= a IP == qi X 60 — 186 2-3 Tb. 

(5) With a wheel and axle as illustrated, the dia- 
What 

force P will be required to hoist a weight W of 600 
ib. ? 

Sey peso 
Ty, apeeinn Gia 

(6) The dimensions of a geared hoist as illustrated 
are as follows: Diam. of A = 24”; number of teeth in 
B = 16; number of teeth in C = 96; diam. of D = 10”. 
What weight W can be hoisted if P = 100 lb.? 
Since the diameters and radii of wheels are in the 

IP 600 — 88 1-8 Ib. 

“same ratio as their numbers of teeth, we have: 

f R, Rk, 12 « 48 « 100 
CS See 5 = 

Py By iS} S< 6) 

(7) With a single movable pulley as illustrated, 
what weight can be raised with a pull P of 90 Ib.? 

a = 2 JP ==] 2x OD = iSO 

(8) With a purchase as illustrated, what foree P will 

be required to raise a weight W of 872 lb., and what 
will be the load at R? 

W=3 PorP=W—~3=812 =38 =124 
R=4P=4~x 124 = 496 

(9) The dimensions of a differential pulley as illus- 
trated are as follows: Larger diameter, 13”; smaller 
diameter, 11”. With a pull P of 80 lb., what weight 
W ean be raised ? 

2R 2 x< 61 < 80 

— R—r~ . 6)—5) 

(10) An inclined plane as illustrated has dimensions 
as follows: Slant length, b = 72”; height, h = 18”. 

With a pull P of 40 lb., what weight IV can be moved 
up the plane? 

—= 1440 Ib. 

Ww — 1040 Ib. 

Fie ND EEN — WR i= h P= 18 < 40 = 160 Ib: 

(11) A wedge as illustrated has the following dimen- 
sions: Back, @ = 4”; length, h = 26”. What resist- 
ance R can be overcome by a force P of 216 Ib.? 

h 26 
IB =F 1 = F KK ANG = 1440! No, 

a 4 

(12) A serew as illustrated has the following dimen- 
sions: Pitch p = 1-4”; radius r= 12”; force P = 60 Ib. 
What pressure W can be exerted ? 

_ 6.2832 « 12 « 60 
if — 1 _ o— 18095.6 

q 

(13) Given a boiler brace O A with crowfoot or 
forked attachment to the plate B C. With a known 
load on O A, required the load on O B and OC. 
Evidently the three forces on O A, O B and O C keep 

the joint O in equilibrium. If represented according to 

D 
B 

Za 
A OQ 

Cc 

the polygon of forces [12] (5), they must form a closed 
triangle. This is represented by O A D, where O A 
represents the force on the brace, A D that on O B and 
D O that on O ©. Hence if © A is laid down to some 
convenient scale to represent the load on the brace, 
then A D and D O respectively will, according to the 
same scale, represent tne loads on O B and O C. 

(14) Given a boiler brace O A oblique to the shell 
C D. With a known load in the direction B O, re- 

quired the load on O A. 
The point of attachment O is again maintained in 

equilibrium by the action of the three forces, one along 
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O A, one in the direction B O, and a third O C existing 
as a tension in the plate. The triangle of forces in this 
case is represented by OB A. Hence if O B is laid off 

to any scale to represent the known load, then will 
O A represent to the same scale the resulting load on 
the brace. 

(15) Let C A B O represent the moving parts of an 
engine. With a known piston load acting along C A, 
required the resultant loads on the connecting rod and 
on the guide. 
The point A is kept in equilibrium by the action of 

tue three forces, one acting down along C A, one act- 
ing up the rod along B A and one acting from the guide 

along D A. It is the two latter which are required. 
ne triangle of forces in this case is represented by 
A EF. Hence if A E£ is laid off to represent to any 
convenient scale the known.piston load, then to the 
same scale will A F and # F represent the loads on the 
connecting rod and crosshead respectively. It thus 
appears that the load on the connecting rod is in gen- 
eral greater than that on the piston rod, and that it is 
greater in the same ratio that any length A F is greater 
than the corresponding distance A HE. 

(16) Let the diagram represent a davit OC D support- 
ing a weight W and braced by a stay A B. 

given weight W, required the tension on the stay and 
the forces at the foot of the davit. 
The tension 7 may be represented by its two com- 

ponents P and Q, and the reaction at O by two compo- 
nents V and R. In this case we require the use of both 
conditions of equilibrium, and without giving all de- 
tails we will simply write the equations and the re- 
sulting values of the forces. 

Equating vertical forces W+Q—WN 
Equating horizontal forces IP == 18 

With a 
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Taking movements aboutC Wa=DPh 
l 

We have also P= 7 ft! 

h 

From these equations we find: 

P= i Ww 

Oat ; W 

la 

T = b h W 

a 

a h W 

Pe a= °) W va 
(Concluded.) 

HELPS FOR CANDIDATES FOR IMARINE EN= 

GINEERS’ LICENSES—IATERIALS OF 

ENGINEERING CONSTRUCTION—I. 

BY DR. WILLIAM FREDERICK DURAND. 

§1. ALUMINUM, 

The commercially pure metal, i. e., with less than 
1 per cent impurity, is white in color, soft, ductile, 
and malleable. It melts at about 1,160° F., has a 

tensile strength of about 15,000 lb. per square inch of 
section, but lacks’ in stiffness and resilience, or the 
power to withstand shocks. 
Aluminum does not oxidize readily under the in- 

fluence of ordinary air, but when in contact with sea- 
water, or in air charged with sea-water, the corrosion 
is often serious in extent. Aluminum cannot be weld- 
ed except electrically, is not suitable for forging or 
rolling when hot, and cannot be tempered or hardened. 
It is, however, suitable for casting, and when cold can 
be rolled into sheets and drawn into wire, and in thin 
sheets or small pieces may be spun or flanged, or 
worked under the hammer in various ways. 
Aluminum unalloyed is of comparatively small value 

to the engineer, but it enters into several valuable al- 
loys as described in Section 9, and its use in this way 
has increased to a considerable extent within the past 
few years. 

§2. ANTIMONY. 

The pure metal is whitish in color, quite brittle and 
crystalline or laminated in structure, and has a melt- 
ing point of about 840° F. It is useless in the pure 
state for ordinary engineering purposes, but is a yvyalu- 
able ingredient of various alloys used for bearing 
metals, ete., as described in Section 9. 

§3. BISMUTH. 

The pure metal is light red in color, very brittle and 
highly crystalline in structure, with a melting point of 
about 510° F. It is useless in the pure state for engi- 
neering purposes, but forms a part of various alloys 
used for bearing metals, ete., as described in Section 9. 

§4. COPPER. 

In the pure state the metal is red in color, soft, duc- 
tile, and malleable, with a melting point of about 2,000° 
F., and a tensile strength of from 20,000 to 30,000 Ib. 
per square inch of section. Copper is not readily 
welded except electrically, but, on the other hand, is 
readily joined by the operation of brazing. Attempts 
have been made to temper or harden it, but the opera- 
tion has not been made a practical success. It is read- 
ily forged and cast, and when cold may be rolled into 
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sheets or drawn into wire, and in sheets or small 
pieces may be spun or flanged or worked under the 
hammer in various ways. 
The tensile strength of copper rapidly falls off as the 

temperature rises above about 400° F., so that at- 
from 800° to 900° the strength is only about one-half 
what it is at ordinary temperatures. This peculiarity 
of copper should be borne in mind when it is used in 
places where the temperature is liable to rise to these 
figures. Again, if copper is raised nearly to its melting 
point in contact with the air it readily unites with oxy- 
gen and loses its strength in large degree, becoming 
when cool crumbly and brittle. Copper in this condi- 
tion is said to have been burned. The possibility of 
thus injuring the tenacity of copper is of the highest 
importance in connection with the use of brazed 
joints in steam pipes. 

In the operation of brazing a joint, the surfaces to be 
joined are cleaned, bound together with wire or other- 
wise, then supplied with brazing solder in small bits 
mixed with borax as a flux, and placed in a clear fire 
until the solder melts and forms the joint. The braz- 
ing solder, or hard solder, as it is often called, is usu- 
ally a brass or alloy of copper and zine. The melting 
point of all such alloys is below that of copper, and 
when copper is joined to brass, or two pieces of brass 
are joined together, the solder used must have a melt- 
ing point lower than either of these metals. In the 
operation of brazing a copper joint, therefore, the 
greatest care must be taken in the selection of a solder 
and in attention to the fire, so that there may be no 
danger of burning the copper, and thus endangering 
the quality of the metal in the joint. 
Copper unalloyed is used chiefly for pipes and fit- 

tings, especially for junctions, elbows, bends, etc. For 
large sizes the material is made in sheets, bent and 
formed to the desired shape and brazed at the seams. 
Small sizes are either made by the same general pro- 
cess or from solid drawn pipe, which may be bent as 
desired after drawing. Copper is also largely used 
as the chief ingredient of the various brasses and 
bronzes, as described in Section 9. 

§5. IRON AND STEEL. 
Classification. 

It will be convenient to give here a general classifi- 
eation of iron and steel products based on the methods 

_ of manufacture. The following is the classification 
used by Prof. J. B. Johnson in his text book on the 
Materials of Construction. 

Iron and Steel. 

MALLEABLE. 

Wrought Iron.—Rolled or forged from a puddle ball; 
it contains slag and other impurities and cannot be 
hardened by sudden cooling. 
Steel.—Rolled or forged from a cast ingot and free 

from slag and similar matter. 
Soft Steel.—Will weld (with care), and cannot be 

hardened by sudden cooling. It is sometimes called 
ingot iron, and has the same uses as wrought iron. 
Medium Steel.—Welds imperfectly except by elec- 

tricity. Will not harden by sudden cooling. 
Hard Steel._Will not weld. Hardens by sudden cool- 

ing. Tool steel, ete. 

SEMI-MALLEABLE. 

Steel Castings.—Malleable metal cast into forms. 
Malleable Cast Iron.—Non-malleable metal cast into 

forms, and then brought to a semi-malleable condition. 

{ NON-MALLEABLE. 

Cast Iron; Hard Cast Steel.In describing these 

products at length we shall find it convenient to begin 
with cast iron. 

[1] Cast Iron. This material consists of a mixture 
and combination of iron and carbon, with other sub- 
stances in yarying proportions. 
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(1) Influence of Carbon. In the molten condition the 
carbon is dissolved by the iron and held in solution 
just as ordinary salt is dissolved by water. The mix- 
ture or combination of the two elements is thus en- 
tirely uniform. The proportion of carbon which pure 
melted iron can thus dissolve and hold in solution is 
about 3 1-2 per cent. If chromiwm or manganese is 
present also, the capacity for carbon is much increased, 
while with silicon, on the other hand, the capacity for 
carbon is decreased. In the yarious crades of cast iron 
the proportion of carbon is usually found between 
2 per cent and 4.5 per cent. 
Now, when such a molten mixture cools and becomes 

solid, there is a tendency for a part of the carbon to be 
separated out and no longer remain in intimate com- 
bination with the iron. The carbon thus separated or 
precipitated out from the iron takes that form known 
as graphite, and collects together in very small flakes 
or scales. The carbon which remains in intimate com- 
bination with the iron is said to be combined, while 
that which is separated out is usually called graphitic. 
The qualities of cast iron depend chiefly on the pro- 

portion of total carbon and on the relative proportions 
of combined and graphitic carbon. 
With a high proportion of graphitic carbon the iron 

is soft and tough, with low tensile strength, and 
breaks with a coarse grained dark or grayish colored 
fracture. In fact the substance in this condition may 
be considered as nearly pure iron with fine flakes of 
graphite entangled and distributed through it, thus 
giving to the iron a spongy structure. The iron thus 
forms a kind of continuous mesh about the graphite, 
which decreases the strength by reason of the de- 
erease of cross-sectional area actually occupied by the 
iron itself. Such irons are termed gray. 
As the relative proportion of graphitic carbon de- 

creases and that of combined carbon increases, the 
iron takes on new properties, becoming harder and 
more brittle. Its tensile strength also increases to a 
certain extent, and the fracture becomes fine grained 
or smooth and whiter in color. When these charac- 
teristics are pronounced the iron is said to be white. 
When about half the carbon is combined and half 
separates out as graphite, the effect is to produce a 
distribution of dark spots or points scattered over a 
whitish field. Such irons are said to be mottled. 

In a general way with a large proportion of total 
carbon there is likely to be formed a considerable 
amount of graphitic carbon, and hence such irons are 
usually gray and soft. With a large proportion of 
carbon also the iron melts more readily and its fluidity 
is more pronounced. As the proportion of total car- 
bon decreases the cast iron approaches gradually the 
condition of steel, whose properties will be discussed 
in a later paragraph. 
Of the special ingredients in cast iron the combined 

carbon is the one of greatest importance. It is that 
chiefly which by uniting with the iron gives it new 
qualities, and the principal influence of other sub- 
stances lies in the effect which they may have on the 
proportion of this ingredient. As between graphitic 
and combined carbon, the former does not affect the 
quality of the iron itself, but acts physically by affect- 
ing the structure of the casting; while the latter, by 
entering into combination with the iron, acts chemt- 
cally) and produces a new substance with different 
qualities. The following percentages of combined car- 
bon are recommended for qualities of iron as indi- 

eated: 

Proportion of Combined Carbon. 

Softicastironsecerecessteeeeitreyr .10 to .15 of one per cent. 
Greatest tensile strength.......... about .45 of one per cent. 
Greatest transverse strength..... about .70 of one per cent. 
Greatest crushing strength....... one per cent or over. 

The proportions of combined and graphitic carbon 
are influenced by the rate of cooling, and by the pres- 
ence or absence of various other ingredients. Slow 
cooling allows time for the separation of the carbon 
and thus tends to form graphitic carbon and soft gray 
irons. Quick cooling, or chilling in the extreme case, 
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prevents the formation of graphitic carbon and thus 
tends to form hard, white irons. 

In addition to carbon, small quantities of silicon, sul- 
phur, phosphorus, manganese and chromium may be 
found in cast iron. 

(2) Influence of Silicon. The fundamental influ- 
ences of silicon are two. (a) It tends to expel the car- 
bon from the combined state and thus to decrease the 
relative proportion of combined carbon and increase 
that of graphitic carbon. (b) Of itself silicon tends to 
harden cast iron and to make it brittle. 
These two influences are opposite in character, since 

an increase in graphitic carbon softens the iron. In 
usual cases the net result is a softening of the iron, 
an increase in fluidity, and a general change toward 
those qualities possessed by iron with a high propor- 
tion of graphitic carbon. This applies with a pro- 
portion of silicon from 2 per cent to 4 per cent. With 
more than this the influence on the carbon is but 
slight and the result on the iron is to decrease the 
strength and toughness, giving a hard but brittle and 
weak grade of iron. 
A chilled cast iron is an iron which if cooled slowly 

would be gray and soft, but, as explained in (1), by 
sudden cooling, from contact with a metal mould or 
other means, becomes white and hard, especially at 
and near the surface. Certain grades of cast iron 
tend to chill when cast in sand moulds. This prop- 
erty is usually undesirable. In such cases the tend- 
ency can be prevented by the addition of silicon, 
which, by forcing the carbon into the graphitic state 
on cooling, prevents the formation of the hard, chilled 
surface. In all cases the actual effect of adding sili- 
con will depend much on the character of the iron 
used as a base, and only a statement of the general 
tendencies can here be given. 

To sum up, a white iron which would give hard, 
brittle and porous castings can be made solid, softer 
and tougher by the addition of silicon to perhaps 
2 per cent to 3 per cent. As the silicon is increased the 
iron will become softer and grayer and the tensile 
strength will decrease. At the same time the shrink- 
age will decrease, at least for a time, though it may 
increase again with large excess of silicon. The soft- 
ening and toughening influence, however, will only 
continue so long as additional graphite is formed, and 
when most of the carbon is brought into this state the 
maximum effect has been produced, and any further 
addition of silicon will decrease both strength and 
toughness. 

(8) Influence of Sulphur. Authorities are not in en- 
tire agreement as to the influence of sulphur on cast 
iron, some believing that it tends to increase the pro- 
portion of combined carbon, while others maintain 
that it tends to decrease both the combined carbon and 
silicon. It is generally agreed, however, that in pro- 
portions greater than about .15 to .20 of 1 per cent it 
increases the shrinkage and the tendency to chill, and 
decreases the strength. Sulphur does not, however, 
readily enter cast iron under ordinary conditions, and 
its influence is not especially feared. An increase in 
the proportion of sulphur in cast iron is most likely to 
result from an absorption of sulphur in the coke dur- 
ing the operation of melting in the cupola. - 

(4) Influence of Manganese. This element by itself 
decreases fluidity, increases shrinkage, and makes 
the iron harder and more brittle. It combines with 
iron in all proportions. With manganese less than 
one-half, the combination is usually called spiegeleisen. 
With manganese more than one-half it is called ferro- 
manganese. One of the most important properties of 
manganese in combination with iron is that it in- 
creases the capacity of the iron for carbon. Pure iron 
will only take about 3 1-2 per cent of carbon, while 
with the addition of manganese the proportion may 
rise to 6 per cent or 7 per cent. Manganese is also 
believed to decrease the capacity of iron for sulphur, 
and to this extent may be a desirable ingredient in 
proportions not exceeding 1 per cent to 11-2 per cent. 

(5) Influence of Chromium. This substance is rarely 
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found in cast iron, but it has the property, when pres- 
ent in large proportion, of raising the capacity of the 
iron for carbon from about 3 1-2 per cent up to about 
12 per cent. 

(6) Shrinkage of Cast Iron. At the moment of hard- 
ening, cast iron expands and takes a good impression 
of the mould. In the gradual cooling after setting, 
however, the metal contracts, so that on the whole 
there is a shrinkage of about 1-8 in. per foot in all di- 
rections, though this amount varies somewhat with 
the quality of the iron and with the form and dimen- 
sions of the pattern. In a general way hardness and 
shrinkage increase and decrease together. 

(7) Strength and Hardness of Cast Iron. The hard- 
ness of cast iron is chiefly dependent on the amount of 
combined carbon, as noted above in (1). 
The strength is also chiefly dependent on the same 

ingredient. As shown in (1), the greatest crushing 
strength is obtained with sufficient combined carbon 
to make a rather hard, white iron, while for the maxi- 
mum transverse or bending strength the combined 
carbon is somewhat less and the iron only moderately 
hard, and for the greatest tensile strength the com- 
bined carbon is still less and the iron rather soft. 
Metal still softer than this grade works with the 
greatest facility, but is deficient in strength. 
Numerical values for the strength will be given ata 

later point. 
(8) Uses of Cast Iron in Marine Engineering. Cast 

iron is used for cylinders, cylinder heads, liners, slide 
valves, valve chests, and connections, and generally 
for all parts having considerable complexity of form. 
It is also used for columns, bed plates, bearing pedes- 
tals, caps, ete., though cast and forged steel are to 
some extent displacing cast iron for some of these 
items. It is also used for grate bars, furnace door 
frames, and minor boiler fittings, and for a great 
variety of special purposes usually connected with the 
stationary or supporting parts of machines. 

(9) Inspection of Castings. In the inspection of cast- 
ings care must be had to note the texture of the sur- 
face, and to this end the outer scale and burnt sand 
should be carefully removed by the use of brushes, or 
chipping hammer, or, if necessary, by pickling in 
dilute muriatic acid. The flaws most liable to occur 
are blow holes and shrinkage cracks. The latter, how- 
ever, are not often met with when the moulding and 
easting are properly carried out. The parts of the 
casting most liable to be affected by blow holes are 
those on the upper side or near the top. On this ac- 
count a sinking head or extra piece is often cast on 
top, into which the gases and impurities may collect. 
This is afterward cut off, leaving the sounder metal 
below. 
The presence of blow holes, if large in size or in 

great number and near the surface, may often be de- 
termined by tapping with a hand hammer. The sound 
given out will serve to indicate to an experienced ear 
the probable character of the metal underneath. 

(10) Special Operations on Cast Iron. Cast iron may 
be softened and toughened by the process of mal- 
leablizing, as described in [2]. It may be some- 
what hardened on the surface by arresting the usual 
process of malleablizing at a suitable point and then 
hardening as for steel. This operation arrested be- 
fore completion results in the formation of a surface 
layer of material having essentially the properties of 
steel. 

Cast iron may be brazed to itself or to most of the 
common structural metals by the use of a brazing 
solder of suitable melting point, and with proper care 
in the operation. Cast iron may also be united to itself 
or to wrought iron or steel by the operation of burn- 
ing. This consists in placing in position the two 
pieces to be united. and then allowing a stream of 
melted cast iron to flow over the surfaces to be joined, 
the adjacent parts being protected by fire clay or other 
suitable material. The result is to soften or partially 
melt the surfaces of the pieces, and by arresting the 
operation at the right moment they may be securely 
joined together. 
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ELECTRICITY ON BOARD SHIP—PRINCIPLES 
AND PRACTICE.—XVI. 

BY WM. BAXTER, JR. 

Switch Board Instruments. 

The instruments commonly used upon switch boards 
are: Switches, circuit breakers, ammeters, voltmeters, 
lightning arresters, safety fuses and field regulating 
rheostats. Of these the first named will demand our 
attention in the present article. 
A switch, properly defined, is any device by means 

of which a current may be diverted into any circuit, 
or be cut off therefrom entirely. Switches may be di- 
vided according to the manner in which they are 
moved, and thus we would obtain side throw switches, 
plunger switches and vertical throw, or knife blade, 
switches. A side throw switch in its simplest form is 
shown in Figs. 70 and 71, the first being a top view 

Fia. 70. 

Fig. 71. 

and the second a side elevation. In both these illus- 
trations, B is the base, and it is made of hard wood or 
hard rubber for small sizes that are intended to trans- 
mit weak currents, and of slate or marble for those of 
larger capacity. The part marked S is the switch 
blade, and it is provided with a handle h, which latter 
is well insulated from other parts. The terminals of 
the line are connected with the studs a and Bb, as is 
shown in Fig. 71, where w w are the wires, which are 
firmly held by the nuts f and g. 
Switches of this kind are generally arranged to move 

in one direction only, as is indicated by arrow C, and 
to prevent movement in the other direction the stop 
post dis provided. This construction is advantageous, 
as with it the switch can be closed rapidly without 

Fig. 73. 

danger of swinging it beyond the closed position. In 
the illustrations the switch is shown closed, and in 

’ 
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this position it can be seen that the current will pass 
from a to 0 through the switch blade S. If the blade 
is raised in the direction of arrow C the circuit will be 
opened. When the switch is closed it is necessary that 
‘the blade rest firmly upon the stud b, and to render 
this certain a spring washer is provided at e, Vig. 71, 
and S is set so that it must spring up slightly to pass 
over 0. 
Another modification of the simple side throw switch 

is shown in Figs. 72 and 73, these being top and side 
views, respectively. The difference between this and 
the former design is that the swiveling point is trans- 
ferred from the end to the center of the switch blade. 
With this construction it would be easy for the blade 
to be raised from b by a downward pressure of the 
hand of the operator, and to avoid any trouble from 
such an occurrence the spring f is provided. This 
spring serves to hold the blade down, but even if it 
should be raised, no damage would be done, as f and Db 
are electrically connected, therefore the current would 
pass from S to f and thus to b. The spring is provided 
so as to keep f in place. As the frequent movement 
of S around a would tend to loosen the nuts e, these 
are made double—that is, a nut and a check nut are 
used—and, except for small switches, a spring washed 
as e in Fig. 71 is also provided. The switch shown in 
these two figures is made so as to swing in both direc- 
tions, but it can also be made to have but a single di- 
rection of motion. 

In Fig. 74 is shown a switch that can be used for two 
purposes, one to connect one terminal of a line with 
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two wires, and the other to open or close the circuit at 
two points at the same time. If the center stud a is 
connected with one terminal of the line, and b b’ are 
connected with separate wires, then it can be readily 
seen that when the switch blade is moved to the closed 
position as shown in the figure, the current entering 
through the wire connected witha will divide and pass 
out through the two wires connected with 6 and b’. If 
one end of the line wire is connected with b and the 
other with b’, then if the switch blade is moved in the 
direction of arrows C there will be a break in the cir- 
cuit between § and 0b’ and another one between S and 
b, hence two points in the circuit will be opened at the 
same time. J 
The switch shown in Fig: 75 can be used to connect 

one wire with four, or it can be used to produce four 

Fia. 75. 

breaks in the same circuit, but to accomplish this last 
result it would have to be slightly modified in so far 
as the blade construction is concerned, as will be 
shown hereafter. If one wire is connected with the 
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center stud a, four wires can be fed from the four 

studs bc de, and all can be connected or disconnected 

at the same time by the movement of a single han- 

dle h. 
Side throw switches are used almost exclusively for 

small currents, as, for example, for connecting the 
voltmeters with the circuit. Fer large currents the 
knife blade type of switch is the one universally 

adopted. 
Switches are designated not only according to their 

form, but also according to the operations they per- 
form; thus we have single and double pole switches, 
single and double break switches, single and double 
throw switches, ete. Nearly all these types of switch- 
es are made, as a rule, of knife blade design, although 
the side swing type is also used to a limited extent. 
Diagrams that represent the latter design, are, how- 
ever, more simple, and show more clearly the opera- 
tions performed by the different types, therefore we 
will use them in the following explanations. 
Diagram Fig. 76 represents what is called a single- 

throw single-break switch. It is called a single-throw 
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switch because the movement of S can only open or 
close a single circuit—that is, the terminals @ and b 
of the line wires P and WN ean be connected when S is 
moved down in the direction of arrow @. If S is ar- 
ranged to move in either direction, as in Fig. 72, the 
switch will still be single throw. The switch is desig- 
nated as single-break because when it is opened it only 
breaks the circuit at one point, between 6 and S. 
Diagram Fig. 77 represents a single-throw double- 

break switch, and it will be noticed that the difference 
between it and Vig. 76 is that S is not pivoted at a, 
hence when it is in the open position S is entirely dis- 
connected from the circuit. When S is lowered it 
connects a with b, and when it is raised from this 
position two breaks are made in the circuit, one be- 
tween S and @ and one between S and b. 
Diagram Fig. 78 is a single-throw quadruple-break 

switch. When S is moved in the direction of arrow e 

Fia. 76. Hic. 77. 
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the ends S’ and S”, which are insulated from S and 
from each other, connect wires P and WN by closing the 
circuit between @ and 6 and also between c and d. 
When S is moved upward the circuit is opened at four 
points, between a and 8”, S” and 0, c and S’, S’ and d. 
It can be seen at once that if the switch lever S is 
made with more insulated sections, such as S’ and S”, 
and each one of tnese connects two points, then the 
number of breaks can be increased; hence, a switch 
can be constructed with any number of breaks, there- 
fore we can divide them into single and multiple break 
Switches. In practice more than four breaks are sel- 
dom used. The object of introducing a number of 
breaks is to reduce the size of the spark produced 
when the switch is opened. If two breaks are used, 
there will be two sparks, but each one will be less 
than one-half the size of the single spark obtained with 
a single break. With four breaks there will be four 
sparks, but each one will be much less than one-fourth 
the size of the single spark. Switches with multiple 
breaks are used only with currents of high voltage, or 
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high voltage and strength combined. For a very 
strong current with low voltage the single break acts 
well enough, as the spark produced when the switch 
is opened is short, the length of the spark being de- 
pendent upon the voltage. 
Diagram Fig. 79 shows a double-throw single-break 

Switch, and diagram Fig. 80 is a double-throw double- 
break switch. In these two figures it will be seen that 
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if S is moved in the direction of arrow e, wire P will 
be connected with wire N; and if it is moved in the 
direction of arrow F, P will be connected with N’; 
hence there are two directions in which the switch 
can be moved to close the circuit. 
Diagram Fig. 81 shows a multi-throw single-break 

Switch, and diagram Vig. 82 is a multi-throw double- 
break switch. In the first figure the wire P can be 

Fic. 81. 

connected with any one of the six wires leading off 
from the contacts 6 c d e f g by the movement of S, 
but in each case the circuit is only opened at one point. 
In Fig. 82, however, wire P connects with all the con- 
tacts of the inner circle, these being joined by the 
ring Rk, and S is not directly connected with P, hence 
when it is moved so as to connect any two contacts it 
closes the circuit at two points, just as in the case of 
Hig. 77. 
The switches so far explained are of the single pole 

type—that is, they open or close the circuit at one 
place only. The wire P in these diagrams may be con- 
sidered as one of the leads coming from the generator. 
In Figs. 88 to 86 switches of the two pole type are 

Fic. 84. 

shown. In Hig. 88 the switch S connects P with P’, 
and switch S’ connects N with NV’. In Fig. 84 the two 
switches make the same connections, but the circuits 
are broken at two points, hence this switch is a two 
pole double-break single-throw switch, while Fig. 8&3 
is a two pole single-break single-throw switch. 
Diagrams Figs. 85 and 86 represent two pole double- 

throw switches, the first being single-break and the 
second double-break. In both cases movement in the 
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direction of arrow e connects wire P with P’ and N Figs. 89 to 93 show actual forms of switches for cur- 
with N’, while movement in the direction of arrow f_ rents of large capacity, this design being what is 
connects P with P” and N with N”. Fig. 8 isa single- called the knife blade type. Fig. 89 is a double pole 

Fia. 85. Fig. 86. 

break and Fig. 86 is a double-break switch. The link 
H is a connection made of insulating material, and is 
provided so that the two switches may be moved to- 
gether. 

It can be readily seen that a switch can be made 
that will open or close the circuit in three or more 
wires just as well as in two, and also that the multi- 
throw arrangement of Fig. 81 can be applied to such 
switches. It can also be seen that the multi-break 
construction of Fig. 78 can be applied to any number 
of poles or any number of throws, hence we can have 
multipole, multi-throw, multi-break switches. 
A single pole switch is one that opens or closes a 

single circuit. A multi-pole switch opens or closes 
more than one circuit. A single-throw switch can only 
connect one terminal with another terminal. A multi- 
throw switch can connect a single terminal with more 
than one opposite terminal. A single-break switch 
opens or closes the circuit at one point only. A multi- 
break switch opens and closes the circuit at more than 
one point. 

Figs. 87 and 88 show two different types of reversing 
Switches. In the first figure, if the movement is in 

Fic. 87. Fia. 88. 

the direction of arrow e, S connects P with k, through 
wire g, and S’ connects N with m. If the movement is 
in the direction of arrow f, S connects P with m, and 
S’ connects N with &, through wire h. In Fig. 88, if the 
movement is in the direction of arrow e, S connects 
contacts @ and d, while S’ connects 6 and ce, thus con- 
necting wire P with A and wire N with B. If the 
movement is in the direction of arrow f, S connects a 
with e and S’ connects 6 with d, thus connecting P 

Fie. 93. 

with B and N with A. The connection H is made of  single-throw and single-break switch. Fig. 90 is a 
insulating material just as in Figs. 83 to 87. double pole double-throw single-break switch. Fig. 91 
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shows the parts of Fig. 89 removed from the base. 
‘he switches are furnished with a base for ordinary 
use, but for switch board purposes the parts are lo- 
eated directly upon the switch board face. 

Fig. 92 illustrates a three pole double-throw double- 
break switch, and Fig. 93 is a two pole single-throw 
double-break switch. In all these designs the knife 
blades are insulated from each other, the handle and 
the cross bar being made of an insulating material. 

The Navy Departments of the European powers are 
greatly exercised over the reported successful trials 
of the French submarine torpedo boat Gustave 
Zedé. A trial was recently carried out in which the 
boat made an attack on the French warship Magenta. 
During the trial the boat sank below the waves so 
rapidly that the gunners would in action have been 
unable to have struck her with projectiles, and she 
sueceeded in landing her torpedo in a vulnerable place. 
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ENGINEERS’ DICTIONARY—XV. 

Engine.—In the most general sense an engine may. 
mean any apparatus used for producing some mechan- 
ical effect. In the steam engine the mechanical force 
arising from the elasticity and expansive action of 
steam is made available as a motive power. The 
marine steam engine may be classified in various 
ways according to the special features under con- 
sideration. The typical modern marine engine, Hig. 54, 
may be defined as a vertical, inverted, direct-acting, 
multiple expansion, condensing, engine. We will give 
briefly the significance of these various terms. 

In the early days of marine engineering the engines 
were often horizontal, as shown in Figs. 55 and 56, and 
such are still met with occasionally in special types of 
warship practice and elsewhere. An intermediate 
type known as the inclined engine has also been used 
to a considerable extent with paddle wheels. (Hig. 57.) 
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Fig. 54.—MODERN TRIPLE-EXPANSION ENGINE. 

After discharging the torpedo the boat appeared at a 
considerable distance off, in a direction different from 
that in which it was. last seen before submersion. A 
larger boat is now being built which will be equipped 
with more powerful propelling machinery, and further 
and extensive trials will be made. The Gustave 
Zédé is operated by storage batteries, but the new 
boat will have steam engines as well. 

In modern practice with rare exceptions the marine 
screw engine is vertical, as in Fig. 54. 
In the earlier vertical marine engines the cylinder 

was at the bottom and the motion of the parts pro- 
ceeded upward either directly to the crank shaft as in 
the oscillating engine, Fig. 58, or to a beam or inter- 
mediate mechanism, whence it came back to the shaft. 
See Fig. 59. In the modern engine the cylinders are on 
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top and the motion of the parts proceeds downward 
to the shaft. Hence in comparison with the earlier 
type the modern engine is called inverted. 
Where the conecting-rod and crank lie beyond the 

erosshead or farther end of the piston rod, as in Fig. 54, 

In early marine engines the expansion of the steam 
always took place in one cylinder only. Such engines 
are termed simple. In the typical modern engine the 
steam is passed through a series of cylinders from one 

March, 1899. 

Fic. 55.—TRUNK ENGINE. 

the engine is said to be direct-acting. In certain early 
types of horizontal engines in single-screw ships, as 
represented in Fig. 60, the cylinder was sometimes 

Fic. 56.—HORIZONTAL ENGINE. 

to another of increasing size. Such engines in general 
are termed multiple expansion. If the steam is thus 
used successively in two cylinders or the expansion 
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Fic. 60.—RETURN CONNECTING ROD ENGINE. 

placed close to the shaft and two piston rods were fit- 
ted passing over beyond the shaft, one above and the 
other below. Then from a crosshead at this point the 
motion came back to the crank pin by a connecting- 
rod in the usual way. Such engines were called return 

Fig. 58.—OSCILLATING ENGINE. 

connecting-rod or back-acting. In still earlier times the 
same type of engine placed on end, with the cylinder 
at the bottom, and known as the steeple engine, was 
frequently fitted in side-wheel paddle steamers, and a 
modification of this is occasionally usea now abroad. 

occurs in two stages, the engine is said to be a com- 
pound; if in three stages, it is a triple or triple expan- 
sion; if in four stages, it is a quadruple or quadruple 
expansion, ete. a 
Where the steam after being used in the cylinder is 
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Fic. 59.—BEAM ENGINE. 

exhausted into the air, the engine is said to be high- 
pressure or non-condensing. In the typical modern 
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engine the steam is exhausted to a condenser, thus 
giving the advantages of an increased ratio of expan- 
sion and decreased back pressure. Such engines are 
ealled condensing. 
Engines are often given special names according to 

the nature of the mechanical movements employed. 
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Fic. 62.—CRANK ANGLES. 

In the usual type, as already noted,’ the motion is 
direct-acting and proceeds through piston, piston-rod, 
crosshead, connecting-rod, crank pin and crank shaft. 
In the beam engine, as shown in Fig. 59, the motion 
passes from the piston-rod to a crosshead and then by 
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Fic. 63.—TRIPLE ARRANGEMENTS. 

link or parallel motion to the beam. Thence from the 
other end of the beam it passes by the connecting-rod 
to the crank pin and crank shaft. Such engines are 
especially suited to side-wheel paddle steamers, and 
for many years have been considered the standard 
engine for use on river, bay and lake steamers. In 
more recent years, however, the vertical direct-acting 
engine and screw propeller are to a considerable ex- 

Fic. 57.—INCLINED OR DIAGONAL ENGINE. 

tent displacing the beam engine and paddle wheel in 
its own territory. 

In the oscillating engine, a favorite in British prac- 
tice for side-wheel paddle steamers, the cylinders are 
located below the shaft and are swung on trunnions, 
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as shown in Fig. 58. The piston-rod is connected 
directly to the crank pin, the piston-rod and connect- 
ing-rod forming thus but one member. This is made 
possible by the swinging of the cylinder upon its 
trunnions, aS shown by the figure. The trunk type of 
horizontal engine, as shown in outline in Vig. 55, was 
often fitted in former years where economy of trans- 
verse or athwartship dimension was necessary. In 

Fic. 61.—COMPOUND ARRANGEMENTS. 

this engine the use of the piston-rod was avoided by 
the large trunk A, to which the connecting-rod was 
directly attached, as shown. 
The stern-wheel western river boat engine is a 

direct-acting horizontal engine connected to the stern 
wheel, and provided with a peculiar type of valve 
gear. For full description see MARINE ENGINEERING, 
November, 1897. 

In speaking of the principal parts of the modern 

HZ 

Fia. 64.—QUADRUPLE ARRANGEMENTS. 

typical engine, we may note first the stationary and 
then the moving parts. The cylinders are at the top 
and consist each of a cylindrical chamber containing 
the moving piston which is forced by the steam alter- 
nately in one direction and then in the other. At- 
tached to and part of the cylinder casting are the 
valve chests and connecting ports and passages. 
Within the valve chests are the valves, either flat or 
eylindrical themselves, which regulate the entrance 
and exhaust of steam at each end of the cylinder al- 
ternately. See also under the heading Cylinder. The 
eylinders rest on the columns, which are either of the 
inverted Y or of the cylindrical type, as described 
under the heading Column. The columns rest on the 
bed-plate (see under that heading), and this in turn 
rests on the engine seating, a part of the structure of 
the ship specially strengthened to carry the weight 
and extra stress which must be taken care of at this 
point. 
Of the moving parts the piston is acted on by the 

steam and is forced alternately to and fro in the cyl- 
inder. The piston is carried by the piston-rod, at the 
lower end of which is the crosshead. Here by a pin 
joint connection the connecting-rod is attached. (See 
also under Orosshead and Connecting-rod.) At the 
lower end the connecting-rod contains the crank pin, 
and thus connection is made between the piston and 
the crank shaft, and the to-and-fro motion of the 
former is transformed into the rotary motion of the 
latter. From the crank shaft the rotary motion is 
transmitted directly through the line shaft to the pro- 
peller. The valves moving within the valve chests 
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are driven by the eccentrics (see under that head) 
through one of the various forms of valve gear em- 
ployed for marine engines. 
Cylinders are usually made of cast iron; frames and 

columns of cast iron, cast steel or forged steel; bed 
plates ‘of cast iron or cast steel; pistons of cast steel; 
piston-rods, connecting-rods and crank shafts of forged 
steel; crossheads of cast iron, cast steel or forged steel; 
valves of cast iron, and most other parts of the valve 
gear of forged steel. 
The various members of a multiple-expansion ma- 

rine engine may be arranged in a great variety of 
ways as regards the location of the cylinders, the 
crank angles, and the way in which the cranks follow 
each other around in the revolution. These are illus- 
trated on the preceding page. Of the many combina- 
tions which might be made, only the more important 
are mentioned. Throughout these diagrams the high- 
pressure cylinder is denoted by H, the low-pressure 
eylinder by L, the intermediate cylinder of a triple- 
expansion engine by J, and the first and second inter- 
mediates of a quadruple-expansion by J, and J,, re- 
spectively. Where the total cylinder volume is di- 
vided between two, each of half size, both of the lat- 
ter are given the same letter. The course of the 
steam through the engine is also indicated by the 
arrows. For compound engines the usual arrange- 
ments are illustrated in Fig. 61. We may have two 
or three cylinders and one, two or three cranks. In 
the latter case the entire volume of low-pressure 
eylinder is divided between two cylinders, each of half 
the total volume. The first arrangement with high- 
pressure cylinder on top of low-pressure is known 
as a Single-crank tandem compound, but is rarely met 
with in marine practice. The other arrangements 
may be placed, of course, with either end forward. 
The various crank angles are shown in Fig. 62 at 1, 2, 
3, 4 and 5, the crank marked J in No. 5 being in this 
ease for one of the L. P. cylinders. With two 
cranks the angle between may be either 90 deg. or 
180 deg., or slightly greater or less than 180 deg., as 
175 deg. or 185 deg. The 90 deg. angle is undoubtedly 
the best for all-around service. The 180 deg. angle 
gives a better balance to the moving parts and admits 
of a simplification of valve gear, and is sometimes 
preferred for these reasons. There is, however, a lia- 
bility of the engine’s sticking on the center and the 
general readiness of handling is less than with cranks 
at 90 deg. To overcome this, angles of 175 deg. or 185 
deg., as shown at 2, are sometimes used, the balance 
of moving parts in such case being substantially as 
good as with an angle of 180 deg. 
With three cranks the angles are usually equal, and 

hence 120 deg. each. Occasionally they are slightly 
varied from these valves in order to give a more uni- 
form rotative effort, or to give a better balance to the 
forces causing vibration. 
For the triple-expansion engine the more important 

arrangements of cylinders are shown in Fig. 68. We 
may have three cylinders or more, and two, three or 
more cranks. The most common types have either 
three or four cranks, in the latter case the total L. P. 
volume being divided between two cylinders, each of 
half the total volume. The crank angles are usually 
120 deg. with three cranks, and 90 deg. with four, 
though occasionally slight variations from these 
valves are adopted in order to obtain a better balance 
of the forces causing vibration. Of the various ar- 
rangements of cylinders shown in Fig.63, each may, of 

course, be placed either end forward in the ship. We 
may also have the various sequences and arrange- 
ments of cranks as indicated in Fig. 62. the changes of 
lettering where necessary being readily seen. 
For the quadruple-expansion engine the more im- 

portant cylinder arrangements are shown in Fig. 64. 
The number of cylinders may be four, five or six, with 
four or five cranks. With five cranks the angles are 
usually equal, and hence of 72 deg., though as with 
three and four cranks slight departures might be made 
to obtain a better balance of the forces producing 
vibration. The arrangements of cylinders shown in 
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Fig. 64 may be placed in the ship either end forward, 
and various crank sequences in addition to those 
shown in Fig. 62 may be easily arranged. One of the 
chief tendencies of modern practice is to pay especial 

attention to the balancing of the forces producing 
vibration. The use of irregular crank angles in this 
connection has been already referred to. In addition, 
and of not less importance, the larger cylinders with 
the larger and heavier pistons are now frequently 
placed inside, with the lighter moving parts on the 
outside, as in Fig. 63, Nos. 3 and 5, or Fig. 64, No. 2. 
Eduction Valve or Pipe.—The same as a discharge 

valve or pipe. The word eduction means leading from 
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Fia. 65. 

or away. 
steamship. 

Fig. 65 shows a side discharge valve for a 

1899 Meeting of S. N. A. and M. E. 

The following notice has been sent out by the Soci- 
ety of Naval Architects and Marine Engineers: 

“The executive committee invites correspondence 
as to papers to be read at the seventh annual meeting 
in November next. It is necessary for intelligent dis- 
cussion that papers should be in print thirty days 
before the meeting, and, therefore, members who 
desire to submit papers or who have suggestions to 
make are requested to communicate with the secre- 
tary at their earliest convenience. 

“The following resolution was unanimously adopted 
at the sixth annual meeting: 

“<“That papers be invited upon the subject of life- 
saving at sea for the next annual meeting, and that 
two such papers be selected by the executive com- 
mittee for publication and discussion.’ 
“Members are invited to suggest names of persons 

outside the society who might be asked to prepare 
papers on this subject.” 
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QUERIES AND ANSWERS. 

Communications intended for this department will not receive at- 

tention unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

Q.—I send a sketch of a boiler which collapsed at 
160 lb. pressure, as shown in the dotted lines, 
while undergoing the hydrostatic test. The boiler was 
built of 60,000 Ib. T. S. steel, and was 6 ft. 6 in. dia. 
and 11 ft. long. The circular seams were single riy- 
eted and the longitudinal seams double riveted. The 
bracing between the shell and crown sheet was “crow 
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tends to bulge downward. This puts a load on the braces and 

puts them into tension. Now note that to resist this tendency 

of the braces to come down there is available no pull upward 

coming from the pressure on the shell. There is available 

nothing but the strength of the cylindrical shell as an arch. 

If it is stiff and strong enough as an arch to carry the load 

without yielding, well and good. This is frequently the case 

where the flat top of a combustion chamber or of a furnace or 

fire-box is safely supported in this manner. If not, then it 

yields and comes down, naturally carrying the sides outward, 

as shown in the figure. This will continue until the curvature 

of the shell at the upper end of the braces and that of the fur- 

nace crown sheet at the lower end are such as to bring their 

loads into some kind of equilibrium. That is, after the distor- 
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DIAGRAMS OF COLLAPSED BOILER. 

foot,’ and no angle scantling was used in the con- 
struction. As shown in the sketch the crown sheet 
came down 1 in., the top of the boiler 2 in., and each 
side bulged out 1 in. ‘The rivets broke in the longi- 
tudinal seams. The boiler was built exactly in ac- 
cordance with the U. S. inspection rules for 135 Ib. 
steam pressure. I would like to know if it was prop- 
erly braced. 

A.—The distortion of the boiler as described in your letter 

and shown in the sketch is just what might be expected from 

the circumstances of the case, and if the boiler was built and 

braced according to U. S. rules it proves either that the rules 

are not correct for such a form of boiler, or that they were 

never intended to apply to such a type of construction. 

To explain how the forces would act let us consider first a 

cylindrical shell subject to pressure. The shell is in complete 

equilibrium, there is no tendency to change form, and the 

‘stress in the metal is wholly along a tangent line. In par- 

ticular note that there is no tendency of the plate at any point 

to move outward away from the center. Suppose now a brace 

put in right across from side to side along a diameter. Such a 

brace, it is clear, will do no good whatever. The plate does not 

tend to move in the direction of the brace, there is no stress 

upon it, and it is entirely without influence for either good or 

bad. 

Now consider the condition of a brace tying together two flat 

plates, as, for example, the two heads of a boiler. Such a flat 

plate is not in equilibrium under pressure. Each head tends to 

bulge outward, and this tendency gives rise to a load on the 

brace, coming, so to speak, from each end of the boiler. That 

is, the head on the right, let us say, tends to bulge outward 

and thus to stretch the brace, and thus throws it into a condi- 

tion of tensile stress. Similarly the head on the left tends to 

bulge outward and thus tends to stretch the brace to the left, 

and so puts a load on it also in tension. These two tendencies 

balance each other, thus putting the brace into tension and 

leaving the heads to depend on its strength for their support. 

If of sufficient strength for the load, the brace holds and the 

plates are supported. 

Now turn to the braces tying the flat crown sheet to the shell 

of the boiler. Note that the tops of these braces are attached 

to the cylindrical shell, and that so long as it retains this form 

there is no load whatever put on the braces by the shell itself. 

On the lower end the case is different. The plate is flat and 

tion the shell is no longer cylindrical, and the pressure will of 

itself tend to force the upper part of the shell back to its orig- 

inal position. This puts a tension upon the braces. Similarly 

on the crown sheet the curvature is quite gentle and simply 

relieves slightly the downward load on the braces, leaving still 

a pronounced tension downward to balance the tension upward 

coming from the shell. Thus the shell and crown sheet have 

brought themselves into equilibrium, and aside from the break- 

ing of the rivets at the seams, the boiler might have lived to a 

good old age and have done good service without further trou- 

ble. In any event, as a structure it was in a far more stable 

and satisfactory condition after the distortion than before, so 

far as its equilibrium under the internal forces is concerned. 

The moral of this experiment seems to be: Don’t build boilers 

in this way, or if you do, run circumferential Tee or angle 

irons around the upper part of the shell. This will strengthen 

it as an arch, and enable it to support the load coming from 

the crown sheet. 

Q.—Will you kindly explain at length the examples 
in the educational series on page 47 of the December, 
1898, issue, as follows: 

3 [16 — 2 (8 + 4 — 2)] = 18 
3 [16 — 2 (8+ 4) —2+4 (8 —1)] = 24 
3 [16 —2 (8+ 4 — 2) +4 8 — 1)] = 26 

I cannot work out any of these to read correctly. The 
use of [()] puzzles me completely. STUDENT. 

A.—The key to all operations with brackets is to remember 

that everything within any one pair of brackets is to be con- 

sidered as a single quantity, and each term within the bracket 

must be treated in exactly the same manner. The principles 

are stated and explained in § 8 of the ‘‘Calculations for Marine 

Engineers,’”’ to which you refer. You will perhaps understand 

the examples better by taking the operations more in detail as 

follows: 

The first in § 8 is 2 (8 + 4 — 2) = 10. Here we first combine 

the quantities inside the () and find 3 + 4— 2 = 5. This 

result we then multiply by 2, which gives 2 X 5 = 10, the 

answer. 

To reduce the more complicated expressions, such as those 

which you quote above, a very good way for the beginner is to 

write the example over again several times, taking off one set 

of brackets at a time, and thus gradually reducing it to its 
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final value. Thus taking the first one above, we may write it 

four times over, thus: 
~ 8 f6—2 (8+ 4 — 2)j 

3 [16 — 2 X 5] 

3 [16 — 10] 

On 8 3< OS 1h 

Taking the next example, we may reduce it as follows: 

3 [16 — 2 (8 + 4) —2+ 4 3 — 1)] 

3 [16 —2xX7—2+ 4 X 2] 

3 [16 — 14 — 2 + 8] 

3 [24 — 16] 

8 <8 sm 

In the last example which you quote there was, by oversight, 

an errar in the location of the last ]. It should not include the 

expression 4 (8 — 1). The example should then read 

3 [16 —2 (8+ 4— 2)] +4 8 —1), 

and we reduce it thus: * 

3 [16 — 2 X 5] + 4 X 2 

3 [16 — 10] + 8 

3X 6+ 8 

18 + 8 = 26 

By working in this way you will probably have no further 

trouble with examples of this nature. 

Q.—In the February issue, under the head of ‘“‘Me- 
chanies,”’ in the educational series, there is a rule for 
finding the H. P. of an engine from the foot pounds 
work it does. I don’t know how to find the foot 
pounds work of an engine. Will you please give me 
some rule to find them, for both stationary and marine 
engines? do Jy 18% 

A.—The rule you refer to was not intended especially for find- 

ing the horse power of an engine, but rather to illustrate the 

difference between power and work. The ‘measure of the work 

in foot pounds per minute for an engine is, however, readily 

found as follows: By the definiton of work in the paragraph 

preceding the one to which you refer, the foot pounds for the 

steam engine will be the product of the acting force multiplied 

by the distance through which it acts in one minute. The acting 

force equals the mean load on the piston, and this equals the 

mean effective pressure per square inch multiplied by the area 

in inches. The distance moved per minute equals twice the 

stroke in feet multiplied by the revolutions per minute. 

Let p = mean effective pressure in pounds per square inch; 

A = area of piston in square inches; L = length of stroke in 

feet; N = revolutions per minute. Then p A = acting force or 

mean total load on piston, and 2 L N = distance moved per 

minute = piston speed. 

Hence foot pounds of work per minute equals the product 

(p A) X (2 LN), or what is the same thing, 2p L AN. Hence 

HP 2p LAN 

ors ee 33,000 ~ 

This is the usual formula for finding the indicated horse 

power, and is referred to in § 8 of the ‘‘Calculations for 

Marine Engineers,’’ published in the January number of 

MARINE ENGINEERING, page 34. 

The mean effective pressure p must, of course, be found by 

means of an indicator card. The details of this operation 

would, however, take us beyond the limits of the present an- 

swer. 

For illustration suppose: 

Pp) = 32) 1b; 

1h = 83 ike 

A = 2,000 sq. in. 

NW = 100. 

Then mean piston load = 32 X 2,000 = 64,000 Ib. Distance 

traveled per minute = 2 X 3 X 100 = 600 ft. Foot pounds per 

minute = 600 X 64,000 = 38,400,000. We should find the same 

result, of course, by multiplying together the five factors, 

2X 32°X 3 X 2,000 X 100. Hence, 

38,400,000 

33,000 

Q@.—The following is a description of a steam yacht 
and its engine which I use in New England waters 
during the summer months. I want to get all avail- 
able speed out of her, and think a change in the size 
or shape of the propeller would be to that end. 
The yacht is 52 ft. long over all; about 45 ft. water 

line, and 42 ft. keel; beam on deck 9 1-2 ft., and about 

it, gk, BD, = — 1,164. 
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7 1-2 ft. at water line. From this you see there is but 
little bilge. I carry about one ton of lead on her keel 
to make her steady, and it answers the purpose first 
rate. She is very sharp at the bow. The engine is a 
compound; the H. P. cylinder is 51-2 by 9 in., the 
L. P. 9 in. by 9 in. The boiler is 52 in. high, 42 in. dia. 
Am allowed to carry 200 lb. pressure. Generally run 
her at about 160 lb., with 230 revolutions to the min- 
ute. Think the engine makes about 1,000 revolutions 
to the statute mile, but am not certain of this point. 
The present propeller is 42 in. dia., with about 5 ft. 
pitch, has four blades and is made of iron. There is 
room for a 44 in. wheel. 
What material would you advise to make the wheel 

of? Think the galvanization induced by the bronze 
while under the water rots the iron and makes a blade 
liable to be broken off in case of striking a log or any 
partly submerged debris. Uo. (Ob 

A.—The information given in your statement is not suffi- 

ciently complete to make possible a satisfactory determination 

of the wheel best suited to your purposes. In connection with 

the boat the draught is not given, and only a rough estimate 

at best can be made of the displacement. In connection with 

the engine it is not stated whether it is condensing or non- 

condensing, and without indicator cards only a rough estimate, 

at best, can be made of the power developed. If your present 

wheel is of 5 ft. pitch, then with a probable apparent slip of 

15 per cent to 20 per cent the revolutions per mile would be 

some 1,200 to 1,300 rather than 1,000, or if the latter figure is 

correct, then the pitch is probably some 6 ft. or more rather 

than 5 ft. From a general estimate of the conditions, it seems 

likely that you would do rather better with a wheel of smaller 

diameter, smaller pitch ratio, and higher revolutions, say 36 in. 

dia. and 45 in. pitch, running from 300 to 350 revolutions per 

minute. If, however, it is desired to keep the revolutions at 

- about the present number, then the dimensions given are prob- 

ably not far wrong, provided, of course, that the blades are of 

suitable area, shape and thickness. 

For material, manganese bronze is probably the best, and 

next common brass. With either of these materials the wheel . 

may be made with smoother surfaces, thinner sections and 

sharper edges than with cast iron, all of which will help in 

reaching a higher speed. 

Q.—Please explain what a “snifting valve’ or 
“snifter” is and for what it is used. 1a(, 18l, AX, 

A.—The snifting valve was a valve fitted to the older types 

of jet condenser. In form it was a disk valve, carried on a 

spindle, as shown in the figure, opening outward, and provided 

with a hand wheel and screw for holding it down when desired. 

SNIFTING VALVE. 

To this extent it was similar to a boiler feed-check, opening 

outward instead of inward. Means were provided so that when 

making preparations for getting under way steam was blown 

directly through into the condenser, thus driving the air out 

through the snifting valve. When the air was thus expelled 

and the condenser filled with steam the injection was turned 

on, thus forming a vacuum. The snifting valve would then 

automatically close, preventing the return of the air, and for 

extra precaution could be kept closed by the screw hand wheel 

if desired. 
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RECENT PUBLICATIONS. 

THE Oud Navy AND THE NEw. Memoirs of Rear- 

Admiral Daniel Ammen, U. S. N. (deceased). J. B. 

Lippincott Co., Philadelphia, Pa. Second edition. 

Size, 6 by 9. Pages, 553. With frontispiece. Cloth, 

$3.25. 

During and since the war naval matters have held a 
very prominent place in the attention of Americans. 
Scores of publications, of one sort or another, descrip- 
tive of the Navy have been issued and found wide- 
spread sale. In most instances, however, these have 
described the Navy as it is, and a knowledge of the 
present has induced in the minds of readers a desire 
to know of the past. For such, much of interest is to 
be found in the memoirs of the late Rear-Admiral 
Daniel Ammen, U. S. N., now issued in a second edi- 
tion under the title of “The Old Navy and the New.” 
The book is many-sided, possessing the interest of per- 
sonal narrative of a traveler; the historical value of 
a link connecting the days of sail power with the era 
of forced draft and 20-knot ships; an insight into 
social life in the Navy; and so on, giving special infor- 
mation for the specialist and a pleasing combination 
and variety for the general reader. Admiral Ammen 
had to his credit a record of more than half a century 
ashore and afioat. His birthplace was in Brown 
county, Ohio, and here he first made the acquaintance 
of a boy whom he one day saved from drowning, and 
who years afterward was known to the world as Pres- 
ident U.S. Grant. It is curious to read of the author’s 
trip to Washington after his appointment in the year 
1836, in a stage coach, wrapped up in a Mackinaw 
blanket, in the company of a lot of Congressmen, try- 
ing to keep warm in similar style with the aid of gen- 
erous draughts of whiskey at the roadside taverns. 
To-day a Pullman car at forty miles an hour, and din- 
ner on the way, would be the usual way of travel. In 
the course of his service Admiral Ammen saw a good 
deal of this earth, both the dry land and the deep 
waters, and as he was observant and possessed of a 
sense of humor he, in the course of fifty years, got 
lots of material for a 500-page book. He also seems 
to have had a mechanical bent which, in later years, 
found expression in the armored ram Katahdin. 
Early in his career, when in a vessel which touched 
at the island of Java, he noted the primitive method 
of pile driving. The weight was suspended by a sin- 
gle rope, which at the free end was spliced to twenty 
separate ropes, each of which was held by a Malay. 
By alternately hauling and letting go they obtained a 
fall of about three feet for the weight. An incident 
which the author narrates at some length recalls the 
recent osculatory performances of Naval Constructor 
Hobson. When the U.S. S. St. Lawrence was lying 
of Southampton, Lieutenant ‘“B,’ with some brother 
officers, attended a town ball, and the author says: 

““B’ was always jovial, and being in a window re- 
cess with one of the ladies, took the liberty of kissing 
her. He said that she would not have objected at all 
had not the curtain allowed the act to be seen by the 
company.” The matter was reported to the captain, 
and the lieutenant was tried by court martial. He 
pleaded guilty, but in his defense referred to an order 
issued during the reign of George II, to the effect that 
“His Majesty’s sea officers are strictly enjoined to be 
polite to the ladies.’”’ Though this order was not man- 
datory on other than British officers it was the lieuten- 
ant’s desire to carry out the order on British soil. ‘As 
the woman was ‘full grown, and had not suffered 
bodily injury, ‘B’ was admonished.” 
The difficulties of navigation in vessels with both 

steam and sail power are referred to in the narrative 
of an experience in the Pacific. “I was surprised to see 
how helpless side-wheel steamers were when under 
Sail alone. The wheels were lashed, the upper paddles 
taken off, and then the wheels turned over so as to 
get rid of the drag of the paddles.” In these days of 
long, continuous fast steaming such a proceeding 
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would certainly be novel. The Admiral seems rather 
to haye mistrusted the skill of engineers in general, 
and he cites a few instances in the book which show 
that probably his opinions were not formed without 
cause. He was ordered to join the U. S. 8. Water- 
witch on a survey expedition to the South American 
coast. This vessel was of 3878 tons and was fitted 
with feathering paddle wheels ‘‘very much too heavy 
for her.” Of his experiences he writes: 
“A voyage of five days brought us to Maranham. 

A considerable indentation in the coast after reaching 
the wide mouth of the river Amazon enabled us to 
escape the current until we were near our port, and 
also the force of the trade winds. The shoal grounds 
near the outer limits of the Amazon are ooze, so soft 
that a lead in sounding sinks several feet in it; in con- 
sequence we found ourselves held back, the revolu- 
tions of the paddles being greatly retarded by the ooze 
through which the body of the vessel was passing 
in part. On heading more to seaward we soon got 
into deeper water, and our paddles made their usual 
number of revolutions. The engineer in charge was 
a mere youth, and inert*withal.. The great weight of 
the wheels perhaps caused the shaft-bearings on the 
vessel’s side to settle. We should have attempted to 
line them at Georgetown had it not been for the 
prevalence of the fever; the operation was on that 
account deferred until we should reach Maranham. 
It was intended that this should be done while we 
were engaged in coaling. As a result of laziness and 
ignorance, we had not made our inefficient prepara- 
tions when we had finished coaling. It was supposed 
that a little pair of jack-screws with a plank between 
them as a bearing under the shaft, placed on the deck 
just as near the ship’s side as possible, aided by a 
little screw placed on the end of a rod on the outer 
part of the wheel, and secured to the masthead, 
would suffice. From the lack of leverage the idea 
was ridiculous; and after wasting several days, and 
having a man knocked overboard from the wheel 
house by something giving way, his arm being broken 
at the same time, I suggested to the engineer a simple 
and obviously effective means of raisng the shafts; 
although he assented, he was still unwilling to ask the 
captain to adopt the means proposed. There were a 
number of lighters of twenty tons’ displacement an- 
chored near us; the proposition was by means of 
cleats to secure stout timbers on the vessel’s sides, 
then lash and wedge these under the wheels after the 
lighters had been filled with water; when the light- 
ers were baled out they would of course raise the 
weight of the wheels, which was not one-half of the 
weight they would float. This was finally done at my 
suggestion and under my personal superintendence, 
notwithstanding one of the younger engineers screwed 
down a pillow block to prevent the shaft from rising. 
On bailing out the water, as soon as the timbers upon 
which the wheel was resting began to crack I knew 
that some rascality was being practised to prevent the 
operation, and on reaching the deck I saw what it 
was. We were a fortnight in Maranham, having been 
detained more than a week through incapacity. At 
times I have doubted whether the shafts really needed 
lining; but, at any rate, they were raised half an inch 
or more at the bearings on the side of the vessel.’’ 
With a touch of humor the author relates another 

“engineering” experience when in command of the 
U.S. S. Piseataqua. She was put in commission late 
in 1867 as flagship on the Asiatic station. She was 
ship rigged and had also a screw propeller, with a dis- 
connecting coupling in the line shafting, with the in- 
tention that sail alone would be used in favorable 
weather. The coupling was placed about 100 ft. from 
the stern, so that when free the screw had to turn this 
length of shaft. 

“On taking command,” says the author, “I had said 
to the engineer, ‘It seems to me that this will be a 
great retardation.’ ‘Very little,’ replied my scientific 
friend; ‘when the vessel has headway the shaft will 
turn, and after the revolutions commence it will turn 
almost without friction.’ I found the reverse to be the 
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and thought of what the blocks said 
of the boatswain when they creaked. At a time when 
there were no friction rollers in blocks, if the latter 
were not carefully oiled there was great friction, and 
when they made a noise the: sailors would say they. 
were ‘damning the boatswain.’ So when at sea the 
vessel made a frightful thumping in turning over 100 
feet of the shaft, and I saw that she made only seven 
knots when otherwise she would have made ten, I 
could not help thinking that the thumps were damn- 
ing the engineer who had made it necessary to turn a 
large part of the shaft that could have been kept 
quiescent by uncoupling it as far aft as possible.” 

Ciyil war experiences fill many interesting pages. 
Many of his recollections of this time are side lights 
on now historic events of the war. At the commence- 
ment of the war the writer was in Baltimore, and 
being unable to get northward he secured a horse and 
rode to Washington, where he offered his services to 
Commodore Stringham, then in charge of the office of 
detail. Having no further use for a horse he sold the 
beast to the patriotic Colonel Ellsworth, who five days 
afterward was killed at the Marshall House in Alex- 
andria. In 1863 Admiral (then Commander) Ammen 
formed one of a board to report upon the qualities of 
the monitors and to make suggestions for their im- 
provement. The board made a number of recom- 
mendations and criticisms which referred to lack of 
ventilation, leakage of water under the turret, dis- 
ablement of the turret by impact of shot, inadequate 
armor, and many minor changes in construction and 
equipment. “In relation to the qualities of the ves- 
sels,’ says the report, “we would remark that they 
have been exaggerated into vessels capable of keep- 
ing the seas and making long voyages alone. 
When employed against vessels of any class known to 
us, in smooth harbors, they will hardly fail to be in the 
highest degree effective, and when their bottoms are 
clean, would prove powerful rams against vessels of 
low velocity, or against vessels of greater velocity 
when embarrassed in intricate or narrow channels.” 
Later in his memoirs he refers to the famous ocean 
voyage of the monitor Miantonomah with the true 
comment: “Her voyage furnished an incentive to the 
European powers to compete in the construction of 
armored ships, which has continued to the present 
time, to the end that the last one built should be in 
point of size, armor plating and battery, more formi- 
dable than any that had preceded her.” Throughout 
the book there are frequent references to the author's 
friendship with General Grant, and in the form of an 
appendix letters written by General Grant during his 
trip around the world are preserved. There is a fron- 
tispiece of the Admiral, and illustrations of the U.S. 8. 
Katahdin. Other than these there are no illustra- 
tions in the volume. but it does not depend for its 
interest on pictorial display, and then during many of 
his years of service photography was unknown. The 
volume is handsomely bound in blue cloth, and is pub- 
lished by the J. B. Lippincott Co., of Philadelphia, Pa. 

case, however, 

Tue British Navy. By A. Stenzel, Captain Imperial 

German Navy, retired. Translated by A. Sonnen- 

schein. New York, EB. P. Dutton & Co. With maps, 

colored plates and engravings. Size, 7 by 10. Pages, 

827. Cloth, $5.00. 

For those interested in the subject this is the most 
satisfactory book that we know of. The author has 
undertaken his work in a reverent spirit, with a full 
realization of the grandeur of the subject, and this 
spirit has been carried out by the translator, who has 
faithfully followed the original text, changing no 
statement, but adding only a word by way of com- 
mentory here and there, in foot notes. It is a book far 
above the average of such works, for though written 
in an easy and good literary style, free from obscure 
technicalities, it is manifestly the appeal of a gradu- 
ate in naval affairs to the understanding of a highly 
intelligent audience. After reading the book one is 
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amazed that any one not a Briton could have gathered 
together such a multitude of facts about so compli- 
cated a subject, and one so intimately connected with 
that nation’s life. In this fact there is the peculiar 
merit that the work is so impartial and dispassionate, 
without a trace of exaggeration which a patriotic 
British writer might be expected to show. The work 
is divided into these subdivisions: Historic Survey; 
Admiralty; Naval Policy; Stations, Dock Yards, ete.; 
Personnel; Education and Training; Uniform; Flags; 
Service and Discipline on Board; Material, and Con- 
clusion, containing a detailed classification of British 
vessels. The subject is, of course, tremendously big, 
and this has demanded nice discrimination, so as to 
apportion the space at the disposal of the author that 
each division shall have a proper proportion and rela- 
tion to the others. He has been very successful in 
this, by the skilful use of condensation rather than 
omission, and he has also freed himself from the 
hypercritical condition of mind which an officer of a 
continental power might, even unconsciously, assume. 
In the work of translation Mr. Sonnenschein has 
availed himself of the professional aid of F. W. Crohn, 
of Yarrow & Co., Poplar, and of F. Harrison Smith, 
Rk. N., so that great accuracy has resulted in the 
correct rendering of technical terms, especially for 
those which have no exact equivalents in Hnglish. 
In his preface the translator has called attention to 
these details and has added as an illustration the 
distinction, familiar to German readers, between the 
terms officer (Offizier) and official (Beamte). In view 
of recent occurrences in the Philippines the signifi- 
cance of these terms is of great present interest to 
American readers. ‘Official (Beamte),”’ says the 
translator, “denotes the medical officers, paymasters, 
etc.; in a word, non-combatants, who are not called by 
the name of officer in German. Indeed, there is an 
important difference in the German navy between 
the two classes. The ‘officers,’ like the crews, take 
the oath of allegiance to the emperor solely, the ‘offi- 
cials’ are Sworn to the imperial constitution as well as 
to the emperor.” In the book tuere are thirty full 
plate illustrations, twenty-five engravings, and thirty 
diagrams printed in the text, and four folded maps 
and plans. Though it is an invaluable book of ref- 
erence it is no dry recital of regulations and statis- 
tics. There are many odd bits of information and 
comment throughout the book. One of these, for in- 
stance, refers to the term “Jack Tar,’ which is very 
generally supposed to have originated from the use 
of tar on the old wooden ships. The author, however, 
attributes its origin to the use of tarred garments 
(tarpaulin) by sailors, which ‘‘suggested the good- 
natured nickname ‘Jack Tar,’ equivalent to ‘Blue 
Jackets.” Another fact concerning uniforms, which 
would be a surprise to many, is that the present style 
of dress of British sailors was adopted only as late 
as 1857. Previous to that there was great diversity 
in dress according to the taste of the commander. 
“As late as 1853 the commanding officer of H. M. S. 
Harlequin ordered his gig’s men to be dressed as har- 
lequins.” This book would make a most valuable 
addition to any marine library, and among its special 
uses would be that of a handbook of reference for a 
yachtsman who intended to cruise in foreign—espe- 
cially British—waters. The colored plates showing 
distinctions of dress, ete., would for this purpose be 
a great convenience. 

“Centrifugal Pumps, Turbines and Water Motors,” 
by Charles H. Innes, M. A., of Rutherford Col- 
lege, Neweastle-on-Tyne, England, has appeared in 
a second edition with additions. The subject is very 
appropriate for a book coming from the author’s place 
of residence, which has long been identified with 
hydraulic work in its modern engineering forms, for 
here are the Armstrong works. The book is of con- 
venient desk size for ready reference, and contains 
over 200 pages, with many drawings and graphic solu- 
tions. It is divided into seven parts, which cover: 
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General principles; pressure engines, producing rotary 
motion; turbines, where power is obtained by altering 
the direction of motion and the velocity of the water; 
steam turbine of the Parsons type; agreement of the- 
ory with experiment in water turbines; the centrifugal 
pump; the fan, and a description of the hydraulic 
work at Niagara Falls, concluding with a description 
of the hydraulic buffer stop. The book is scientific 
rather than descriptive, treating of the mathematics 
of the subject, and is written especially for the use 
of engineering students who have the necessary men- 
tal equipment to get results out of the book. The 
book is published by The Technical Publishing Co., 
Manchester, England, price 8s. 6d., and is for sale 
here by D. Van Nostrand Co., 28 Murray street, New 
York. 

We are in receipt of the “American Trade Index,” 
more extensively described as a “Descriptive and Clas- 
sified Membership Directory of the National Associa- 
tion of Manufacturers of the United States,” arranged 
for the convenience of foreign buyers. It is issued 
from the main office of the association in The Bourse, 
Philadelphia, Pa. The book consists of 124 pages of 
text, giving in alphabetical order the names of firms 
“who make goods suitable for export;’ also their 
addresses and a description of their output and a list 
of their foreign correspondents. Then follow 134 
pages containing a “Classified List of Members,” 
grouped according to the articles which they pro- 
duce. This book is one of a class of publications 
which are good enough as far as they go, but unfor- 
tunately their contents are influenced: by circum- 
stances which prevent their being wholly impartial. 
In the first lines of the preface the reader is informed 
that it is the purpose of the ‘‘Index” to furnish mer- 
chants interested in American goods a comprehensive 
handbook of the leading manufactures of the United 
States, though this statement is modified by inference 
further along. It would have been wiser to have come 
out flat-footed and said the purpose of the book was 
to furnish merchants with a classified membership 
of the association. For example, under the head of 
“Shipbuilders” no mention is made of any yard west 
of Chicago, so that an Oriental reader, who was in the 
market for ships, might readily believe he could only 
order from the Atlantic coast. No index which omits 
the names of the Pacific coast builders—remember the 
Oregon—could be properly styled comprehensive. 
However, seeing that the book is distributed gratis to 
merchants without the United States, there is not 
much room for the reader to complain. 

Our New York contemporary. the American Ship- 
builder, has come out in a new dress of type and 
attractive make-up. Its paragraphs of “New York 
Marine News” are a feature of the paper and are 
very interesting, and as publication is made weekly 
they are up to date. The proprietors, Bradley & How- 
ell, are now making a specialty of marine photographs 
for sale. 

On the anniversary of the blowing up of the U. S. 8S. 
Maine in Havana harbor, February 15, the keel of the 
new battleship Maine was laid at Cramp’s Shipyard 
in Philadelphia, Pa. 3 

A deal is reported from San Francisco by which the 
Santa Fe R.R. Co. and the North German Lloyd S.S. 
Co. will co-operate in establishing a line of steamships 
from there to ports in the Far East when the exten- 
sion of the Santa Fe road to San Francisco shall have 
been completed. 

Wrecking operations on the Spanish cruiser Reina 
Mercedes, begun since the close of the war, have 
been so far successful that it is probable that this 
vessel will be able to sail for the United States under 
her own steam. It will be remembered that she was 
sunk by the Spaniards with a view to blocking the 
entrance to the harbor at Santiago. 
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TRADE PUBLICATIONS. 

Two folders are at hand from the Roe Stephens 

Mfg. Co., Detroit, Mich. One is devoted to check, 
globe and angle valves, the other to throttle valves. 
Hach folder contains several illustrations, and the sey- 
eral valves are fully described. 

“The latest and best thing in patent sheaves, being 
the successful application of the ball-bearing princi- 
ple,” is the brief statement which will attract atten- 
tion on handy desk blotters sent to all who wish them 
by Wilcox, Crittenden & Co., Middletown, Conn. 

“A New Engine Motion” is the title to a catalogue 
neatly printed in two colors and ready for distribution 
by the Parsons Engine Co., Wilmington, Del. The 
engine is of the reciprocating type, but has peculiar 
characteristics of its own. The whole deyice is thor- 
oughly illustrated. 

“Graphite” is the title to a four-page publication 
sent gratis to all inquirers by the Joseph Dixon Cru- 
cible Co., Jersey City, N. J. The object of the publi- 
cation is not to boom any special business, but to at- 
tract attention to the many uses for graphite, for 
lubrication, paint and other purposes. 

“Learn to Draw” is the title to an eight-page cir- 

cular issued by the International Correspondence 
Schools, P. O. Box 1111, Scranton, Pa. It describes 
in much detail the school of drawing in connection 
with this institution, and includes all lines of mechan- 
ical drawing such as marine engineers would be inter- 
ested in. 

The McClure oil pump for cylinder lubrication is 
illustrated and described in a catalogue issued by the 
McClure Oil Pump Co., Detroit, Mich. It is the in- 
vention of an engineer of: years of experience on the 
Great Lakes and will interest all of our readers. The 
catalogue is pocket size and gives quite a complete 
description of this pump. 

A finely illustrated catalogue bound in heayy red 
paper and printed in gilt is received from Loring Coes 
& Co., Worcester, Mass., giving much yaluable infor- 
mation regarding the machine knives and: the pyro- 
ealcic hardening process of this company. The cata- 
logue is very fully illustrated, several pages being de- 
voted to a department of custom hardening. 

Multipolar dynamos and motors are handsomely 
illustrated and completely described with sectional 
views, special attachments, etc., in a 32-page bulletin 
issued by the C & © BHlectric Co., 148 Liberty street, 
New York. Accompanying the illustrations are many 
tables, and there is much other descriptive matter, 
making the bulletin of much value to anybody inter- 
ested. 

Packings manufactured by the Boston Belting Co., 
256 Devonshire street, Boston, Mass., are thoroughly 
told about and depicted in a 36-page pocket-size cata- 
logue just received. It is printed in two colors on an 
excellent quality of paper, making the catalogue at- 
tractive, and as the subjects include packings, valves, 
gaskets and diaphragms, all of our readers will want 
to send for a copy. 

“The Westinghouse Standard Engine” is the title 
to a superb specimen of the printer’s art issued by the 
Westinghouse Machine Co., Pittsburg, Pa. The paper 
is heavy and coated, and the cover is rich green print- 
ed in silver-and black. The catalogue contains fifty- 
four pages, giving a most complete detailed descrip- 
tion of the several types of these engines. These in- 
clude very fine sectional views illustrating thoroughly 
the construction of the engines, and the several parts 
are fully illustrated, making the catalogue very com- 
plete. These engines are especially adapted to com- 
pact electric sets. Copies can be had on application. 
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Fairbanks-Morse Gas Engine Co., Chicago, IIll., has 
issued a very handsomely-printed catalogue devoted 
to a description of the engine and the many uses to 
which it is applied. It is of the stationary type, and 
one of the applications is of particular interest to our - 
readers, as it refers to an air-compressor direct-con- 

nected to an engine for use in shipyards and other 
places where portable power is desirable. 

A pocket memorandum book is sent gratis by the 

Sprague Hlectric Co., 20 Broad street, New York, to all 

of our readers who mention Marine Engineering. It 
contains calendars for the present year, also for 1900, 
and much valuable information regarding dynamos, 
motors and other electrical subjects, with holidays, 
weather reports, postage rates, tables of horse power, 
together with many pages in diary form. 

The compartment system on ships is useless with- 
out effective water-tight doors. A little pamphlet re- 
garding this subject is issued by the ‘‘Long Arm” Sys- 
tem Co., Garfield Building, Cleveland, O., describing 
the application of the devices manufactured by this 
company, which are not untried, as the cruiser Chi- 
cago is fitted with a system of eleven doors. This 
little pamphlet describes in detail the operation of this 
system and its many uses. 

The sectional water-tube boiler manufactured by 
‘the Almy Water Tube Boiler Co., Providence, R. I., is 
very thoroughly described and completely illustrated 
in a catalogue just issued. The illustrations are wood 
euts of large size which show sectional views of differ- 
ent types and shapes of this boiler. It is a complete 
catalogue, and is one that should be in the hands of 
every user of boilers. <A list of boilers supplied in the 
past eight years includes the names of some of the 
most prominent yachts and smaller size steamboats 
in all parts of the country. 

“For Your Good and (incidentally) Our Own”’ is 
the title of a pocket-size pamphlet issued by the Mon- 
tauk Multiphase Cable Co., 100 Broadway, New York. 
It is neatly bound with paper cover and is printed on 
a delicate tint of green paper in two tints of green 
ink. The construction of this cable is told in con- 
siderable detail and the many uses to which it is 
adapted for fire-alarm purposes either on board ship 
or in a building. It is intended to take the place of a 
watchman, and the cable is so constructed as to be 
capable of “discovering dangerous heat or incipient 
fire from every infinitesimal point of its length and 
giving warning thereof, locally and centrally,” as the 
text states. 

The January issue of the handsomely-printed and 
valuable set of bulletins issued by the B. F. Sturte- 
vant Co., Jamaica Plain, Mass., is devoted to the Stur- 
tevant eight-pole motors and generators, direct-cur- 
rent. This machine is shown direct-connected to an 
automatic single upright engine, the motors to electric 
fans, of which there are two illustrations, one being a 
special type of suspended fan designed especially by 
this company for ventilating vessels. Bulletin G re- 
garding the Sturtevant generating sets was in such 
demand that a second edition was printed, and those 
of our readers who were not able to secure a copy of 
the former edition can now be supplied. This bulletin 
contains illustrations and full descriptions of eight 
sets, different sizes and styles. Copies of either of 
these bulletins can be had by applying to the company 
at Jamaica Plain, Mass. 

Calendars Received. 

From the Joseph Dixon Crucible Co., Jersey City, 
N. J., with a very effective lithograph in colors of a 
young woman in cap and gown holding a rose to an 
owl. 
From the Ashton Valve Co., 271 Franklin street, 

Boston, Mass., a strong engraving of two children, 
“chips of the old block,” one playing with a toy loco- 
motive and the other with a toy steamboat. 
Copies can probably be had from the companies by 

writing for them. 
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N. Y. Office 

126 Liberty Street 

THE L. S. Starrett Co., Box 99, Athol,Mass.- 

NOW READY, WITH 169 ILLUSTRATIONS. 
Royal 8vo. $5.00 net. 

NAVAL ARCHITECTURE: 
A Manual on Laying-Off Iron, Steel and Composite Vessels. 

By THOMAS H. WATSON, 

Lecturer on ‘‘Naval Architecture’’ at the Durham College of 
Science, Newcastle-upon-Tyne. 

CONTENTS—MERCANTILE VESSELS. 

Chap. I—Laying-off the Sheer Draught on the Loft 
Floor; IJI—Cant Frames; III—Decks; IV—Floors and 
Double Bottoms ; V—Shell Plating ; VI—Scrieve Board ; 
VII—Ribbands and Harpins ; VIJI—Moulds ; IX—Poop 
Round and Turtle Back ; X—Expansion of Stringer Plate 
and Beam Knees ; XI—Iron and Steel Masts ; XII—Mis- 
cellaneous. 

WAR VESSELS. 

XIII—Armour; XIV—Shell Plating and Bilge Keels ; 
XV—Double Bottoms ; XVI—Gun Galleries or Sponsons ; 
XVII—Moulds; XVIII—Draught Marks; XIX—Com- 
posite Vessels ; XX—Sheathed Vessels. 

“As a whole, this work forms the most extended treatise on 
this special field of ship design with which we are acquainted. The 
illustrations, which form naturally an especial feature in a book on 
this subject, are copious in amount, selected with judgment, and 
prepared with care. A comprehensive treatment of this subject, 
and all interested in the solution of mould loft problems may be 
congratulated on having so excellent a compendium of practical and 
reliable methods placed within their reach. Both author and pub- 
lisher may be congratulated on the production of so thorough and 
comprehensive a work in a field which has hitherto attracted so 
little attention from the writers of books.’—Marine Engineering, 
New York. 

LONGMANS, GREEN & CO., 
gI AND 93 FIFTH AVENUE, NEW YORK. 
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Graphite 

lubrication 
There is no substance known so smooth or 

so enduring as Dixon’s Pure Flake Graphite. 

It is the best solid natural lubricant ever dis- 

covered. It is not affected by heat or cold, 

acids or all.alies. It is absolutely indispens- 

able to every marine, stationary or locomotive 
engineer. 

Largely increases the lubricating value of 
all oils or greases. 

Will cool bearings and stop ‘‘groaning”’ or 

squeaking when all other lubricants fail. 

It will pay you to send for Sample 

and Pamphlet. No charge. 

JOSEPH DIXON GRUCIBLE Go., Jersey City, N.J. 

PATENTS 

_— SECURED. 
Inventors desiring to secure full information in regard 

to the necessary course to pursue to obtain a patent, 
should send for our booklet on the subject. 

“= MAILED FREE TO ANY ADDRESS. 

PATENT DEPARTMENT: 

THE POWER PUBLISHING CO., 
WORLD BUILDING, NEW YORK. 

‘ 
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REDUCING VALVES 3 
to control or reduce steam, 
water or air pressures. 

“MASON” 
Valves have had a world- 
wide reputation for years. 

Write for prices. 

THE MASON REGULATOR CO. 
BOSTON, MASS. 
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BUSINESS NOTES. 

BLUE-PRINTING OurrFit.—Draughtsmen and others 
who do any blue-printing will be interested in the 
special appliances advertised elsewhere by the EF. W. 
Emerson Mfg. Co., Rochester, N. Y. 

Marine SasH Batances.—A line of sash balances 
designed especially for yachts and vessels of any size 
is offered by the Pullman Sash Balance Go., Roches- 
ter, N. Y., whose advertisement is elsewhere in this 
issue. 

Itnu Toous.—Hyery user of fine tools appreciates the 
value of quality as well as a special adaptability to the 
use for which they are wanted. Among the concerns 
making a specialty of such tools is the L. S. Starrett 
Co., Athol, Mass. 

A LATHE FoR Reparr SHop.—Nearly every steam ves- 
Sel of any size needs a repair shop of greater or less 
capacity, and a lathe designed especially for these 
uses is noreted by the Seneca Falls Mfg. Co., Seneca 
Halls, N. Y. 

Tusr Expanpers.—Users of tube expanders will be 
interested in the advertisement of A. L. Henderer’s 
Sons, as this company makes a specialty of this kind 
of tool. Full information regarding the various types 
can be had from the company at Wilmington, Del. 

PORTABLE I'IRE EXTINGUISHERS.—Every yacht and 
vessel requires fire-extinguishing apparatus, and 
among the portable ones is the “Stempel,” which is 
sold by H. R. Bennett, 1217 Filbert street, Philadel- 
phia, Pa. Full information regarding these extin- 
guishers and their use is sent upon application. 

Hotutow Sraysou7s.—The high quality and strength 
of hollow staybolt iron has led to the extensive use of 
the staybolts manufactured by the Falls Hollow Stay- 
bolt Co., Cuyahoga Falls, O., by marine boiler build- 
ers, locomotive manufacturers, ete. One of the recent 
orders of this company is for half a car load for the 
Pacifie coast. 

Yacut Licutine Sers.—The Bullock Hlectric Mfg. 
Co., Cincinnati, O., reports having received orders for 
six electrical equipments for yachts in one day re- 
cently. The machines used to fill these orders were 
in size 7 1-2 or 10 K. W. Readers interested in the 
subject of electricity can secure full informaton from 
the Bullock Company. 

ELEectrRiciIry AT SPARROWS Pornt.—In the renova- 
tion of the shipyard of the Maryland Steel Co., at 
Sparrows Point, Md., electricity was very generally 

made use of, and the C & C Electric Co., 148 Liberty 
street, New York, supplied a considerable amount of 
apparatus, including two large generators, ten motors 
of 6 horse power and one motor of 10 horse power. 

Pocket Sprrit LEVEL SENT FREE.—The Duval 
Metallic Packing Co., 126 Liberty street, New York, is 

giving out a most practical souvenir in the shape of a 
pocket spirit level. It is made of hard rubber, octag- 
onal in shape, being about 4 in. long and little larger 

in size than a lead pencil. The advertisement is read 
through the bubble in the glass. These very unique 
souvenirs may be had upon application. 

A Busy Surpyarp.—The Morse Lron Works has at 
present several large contracts on hand, some of which 
are of particular interest. Among them is the U. 8. 
transport Panama now being fitted for cable-laying 
service among the Philippine Islands. The 8.8. Berlin 
is being refitted and thoroughly overhauled. Her first 
trip will convey Secretary Alger and army officers on 
a trip of inspection to Cuba and Porto Rico. The 

lake steamer Aragon is being overhauled and fitted 
with new machinery, and will hereafter float in salt 
water in the coal service for the Chesapeake & Ohio 

R.R Co. The steamship Wetherill, which recently had 
her bow stove in, is being repaired, and the steamer 

Kanawha is undergoing a general overhauling. The 
Morse yard is at the foot of 26th street, South Brooklyn, 
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A Larce OrpeER ror TuBEes.—A large order for tubes 
for the Mare Island Navy Yard was recently awarded 
to Merchant & Co., of Philadelphia, Pa. 
VALVE RESEATING MacHIneE.—Almost every engineer . 

will appreciate the value of a valve reseating machine, 
and will therefore be interested in the advertisement 
of the Leavitt Machine Co., Orange, Mass., in our 
advertising pages. 
' A New Sarery Botr~pr.—A new type of safety boiler 
is being put on the market by the Mississippi Safety 
Boiler Co., St. Louis, Mo. The advertisement of this 
company refers to it briefly, and full details can be 
had by writing to the company. 
CUSHIONS AND UpHoustEeRy.—The facilities of M. W. 

Fogg, 18 Fulton street, New York, have been pretty 
well taxed this winter to keep up with the orders for 
cushions and upholstery to supply the many ew |] 
yachts and other steam vessels under construction. | 
This company limits itself to cushions and upholster- 
ing work. 
ARMstRONG Toots SHARPENED FREE.—The Arm- | 

strong Manufacturing Company, of Bridgeport, Conn., 
which manufactures a general line of water, gas and | 
steamfitters’ tools, sharpens and repairs all dies and 
bits of its own manufacture which may be returned to 
the factory by users of these tools. Of course this 

insert new teeth; although in some eases dies that lack 
only one or two teeth can be repaired. 

4 TLE V .—Goldsmith throttle valves are j ; ‘ ; 5 
BR OTTUE Valves: Colds mt Fecha ant } American zinc white and yellow ochre, with no lead. especially adapted for marine engines and large steam } 

umps (working automatically or otherwise), and the } ; : i 
eas is isttnea as the Shae: aye eee ait # required to withstand the bleaching effects of salt water 

é 5 1 and sunlight.” 

movement of the lever moves the auxiliary valve, un- | 
valve opens and closes easily and quickly. The first 

eovering ports in the main valve, making about an 

a balanced valve. A catalogue can be had by address- 
ing the Roe Stephens Mfg. Co., Detroit, Mich., or Seott 
Valve Co., Chicago. 

MARINE ENGINEERING, 

1 capable of resisting salt water and salt air. 
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ZINC WHITE IN MARINE PAINTING. 

Within a few years after the discovery of the modern 
process for making zine white, the French naval authori- . 
ties, after severe tests, ordered its use to the exclusion of 
white lead on the interior of all vessels of the French 
navy. Experience has confirmed its superiority for 
painting structures exposed to sea-air and sea-water, and 
the French navy as well as the French steamship com- 
panies now universally employ it, while it is also the 
official base for painting lighthouses and Government 
work on the seashore. The French Marine authorities 
also use it for painting galvanized iron plates, the hulls 
of torpedo boats, the shells of metal pontoons, etc. 

That the French navy should have been earliest to 
adopt this practice is natural, since zinc white was first 
generally introduced in France. But the naval authori- 
ties of the United States, having made their own experi- 

} ments with the same results, have adopted zinc white as 
| the fixed component of all paints used either in the Navy 

or by the Lighthouse Establishment. The famous ‘‘ White 
Squadron’”’ obtained its color from zine white, and re- 
mained white because zinc does not change color. Ten 

7 tons of American zinc white is the cruising allotment for 
does not apply to tools in which the teeth are broken } 
to any extent, as the company does not undertake to } 

each ship, and it is used liberally and effectively. 

Similar testimony is found in the U. S. Lighthouse 
| specifications, which require, for white, a mixture of one- 
fourth lead and three-fourths zinc, and for tinted paints, 

“The colored paints are wanted for outside use and are 

The durability of zinc white is due to its chemical 
i stability and to the large proportion of oil it carries to the 

equal pressure above and below the main valve, there- } painted surface. 
by causing the main valve, in its movements, to act as | 

No other white pigment approaches it 
It is the one white paint material that is 

Added to 
other materials it shields them and gives them durability. 
Apv’. NEW JERSEY ZINC CO. 

in this respect. 
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CHICAGO 
NEW YORK 
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SEND FOR CATALOGUE 

over. 

SUN Saniaadi ieee cAI : 

Weston Standard Portable Direct Reading 
Voltmeter. 
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WESTON ELECTRICAL INSTRUMENT CO., 
i[4-120 William St., NEWARK, N. J., U.S. A. 
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STEAM YACHT WANDA, BUILT BY POLSON 

IRON WORKS, TORONTO, CANADA. 

Our engravings show the 

very handsome composite 

steam launch Wanda, built 

last summer by the Polson 

Iron Works, of Toronto, 

~ Canada, for Timothy Eaton, 
F - ~~ one of the leading mer- 

Moreen") chants of that city. The di- 
mensions of the vessel are: Length, extreme, 70 

the frames, which are spaced 16 in. centers, and the 

same material is used for the keelson and bilge 

stringers, double back to back, and also for the top 

height stringer. A plate sheer strake and plate deck 

stringer completes the use of steel. The whole is 

planked with clear British Columbia pine 1 38-16 in. 

thick, fastened with cheese-headed bolts recessed into 

the planking and plugged. The forecastle and poop 

decks are of clear white pine. Internal wood work 

is all of bright cherry and red oak, upholstered in 

maroon plush, velvet and corduroy, with Wilton car- 

pets. The railings and stanchions are of brass, nick- 

CANADIAN STEAM YACHT WANDA ON LAKE MUSKOKA, ONTARIO. 

ft.; length, water line, 60 ft.; beam, extreme, 8 ft. 

3 in.; draught aft, 3 ft. 6 in.; and displacement, 

24,000 lb. : 

The machinery equipment includes a triple-expan- 

sion éngine, driving a single screw, and having cylin- 

ders 5 1-2 in., 8 1-2 in. and 14 in. dia., and 8 in. stroke. 

The running speed is 400 revolutions per minute. A 

Mosher water-tube boiler furnishes steam at 200 Ib. 

pressure. This boiler measures: Length, 48 in.; 

width, 48 in.; height, 56 in. It has 11 ft. 8 in. of grate 

surface and 400 sq. ft. of heating surface. 

Angle steel 2 1-4 by 1 1-2 by 3-16 in. is used for 

eled, and this makes a very pretty contrast with the 

bright upholstery and wood work. Shade and storm 

curtains of striped duck are fitted all around the boat. 

On Lake Muskoka, Ont., the Wanda is used by the 

owner to connect between the railway wharf at 

Gravenhurst and his summer residence at Winder: 

mere, on the lake, a distance of 25 miles. The vessel 

was designed to cover this in an hour and a half, and 

does so regularly, using wood for fuel. When let out 

she has made the run in an hour and twenty minutes. 

The launch was designed by W. E. Redway, N. A., 

who also superintended its construction. 

Copyright, 1899, by Aldrich & Donaldson, New York. 
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PERFORMANCES OF U. S. S. OREGON DURING 
THE RECENT SPANISH WAR PERIOD.* 

BY P. A. E. CHARLES A. E. KING, U.S. N. 

: MANILA, March 18, 1899. 

SECRETARY OF THE NAvy, Washington, D. C.:— 

The Oregon and the Iris arrived to-day. The 

Oregon is in fit condition for any duty. 

° DEWEY.+ 

The U. S. S. Oregon, attached to the Pacific Station, 

was docked at the Naval Station at Puget Sound, State 

of Washington, on January 4, 1898, and, having had 

the usual docking repeairs made, her bottom cleaned 

and painted, and all outboard fittings examined and 

found in good condition, was floated on February 16, 

1898. 

What proved to be the most remarkable voyage in 

the history of battleships began at 6:10 A. M., on 

MARINE ENGINEERING. 3 

was the engineer officer on duty at that time. The 

engines were worked by signals from deck from 6:40 

to 6:50 A. M., when the signal was received “Ahead 

full speed.” From that time until 8:30 P. mM. on May 

24, when the engines were stopped and the Oregon 

anchored off Jupiter Inlet, Florida, this remarkable 

machinery, cared for and manipulated by an engi- 

neer department whose perfect organization and rare 

ability stand pre-eminent, worked without a serious 

casualty. 

The history of this voyage, as given in the steam 

log books, is a story of ceaseless vigil and painstak- 

ing care on the part of the engineer personnel. 

Countless small defects, inseparable from such a run 

under steam, were detected and at once remedied, and 

no opportunity was lost to maintain the efficiency of 

the motive machinery and its dependencies by intelli- 

gent adjustments at the proper time. The devotion 

U. S. S. OREGON TAKING HER POSITION IN LINE AT THE NAVAL REVIEW, NEW YORK. 

March 6, 1898, when the main engines, having been 

tried under steam, were reported ready to the Chief 

Engineer by P. A. Engineer C. N. Offley, U. S. N., who 

*From the Journal of the American Society of Naval En- 

gineers, 

+Dispatch from Admiral Dewey announcing the successful ter- 

mination of another long ocean voyage of the Oregon, from New 

York to Manila, via Cape Horn, a distance of 20,000 nautical 

miles. The article here printed refers to the famous yoyage of the 

Oregon from the Pacific to the Atlantic coast.—Ed. 

to duty of officers and men and the willing co-opera- 

tion of all in striving to maintain the vessel’s speed 

and efficiency merit the greatest praise. 

Life below the protective deck of the Oregon after 

March 6, 1898, was a life of hardship and toil, a life 

spent in a heated atmosphere where the roaring of 

the furnaces and the leaping of the massive engines 

might well have afforded some excuse for confusion 

and lack of purpose among those whose days and 

nights were passed there. Not so, however. These 
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men of the engineer department rose equal to the 

emergency and went about their duty calmly, earnest- 

ly and with wonderful intelligence. The organization 

was perfect and the execution of the task set fault- 

less. On more than one occasion when the labors of 

the men before the furnaces seemed to them to go 

for naught, and they felt all but discouraged because 

the steam would not “go up,” the engineer officers, 

discarding their uniforms, jumped among them, fed 

the furnaces with their own hands, and, by force of 

this example, so encouraged the firemen that, with 

cheers, they redoubled their efforts, and the good ship 

sped through the water at a faster pace. This is the 

spirit that imbued the men of the Oregon, and this 

the work that brought to a successful end the most 

remarkable run ever made by a battleship. 

The voyage was made in eight stages, as follows: 

ist. From Puget Sound Naval Station to San Francisco. 

2d. From San Francisco to Callao. 

8d. From Callao to Port Tamar in the Straits of Magellan. 

4th. From Port Tamar to Punta Arenas. 

5th. Hrom Punta Arenas to Rio de Janeiro, Brazil. 

6th. From Rio de Janeiro to Bahia, Brazil, 

7th. From Bahia to Barbadoes. 

8th. From Barbadoes to Jupiter Inlet, Florida. 

The ship was coaled at Puget Sound Naval Station, 

San Francisco, Callao, Punta Arenas, Rio de Janeiro 

and Barbadoes. The kind of coal used during each 

run is given in the accompanying performance table, 

as are also the distances run from port to port. 

The complement of the engineer department was as 

follows: 

Chief Engineer R. W. Milligan, U. S. N. 

Passed Assistant Engineer C. N. Offley, U. S. N. 

Assistant Engineer J. M. Reeves, U. S. N. 

Assistant Engineer Frank Lyon, U. S. N. 

Naval Cadet, Engineer Division, H. N. Jenson, U. S. N. 

Naval Cadet, Engineer Division, W. D. Leahy, U. S. N. 

(CHV TAROT, 5a000000606000000000000000000000 5 

IG CAS MAGA TVET 4d050000000000000000000900900 3 

al GAS wEKG DAES 65 qa500000n 00d 0000000080000000 2 

WEOHDAI. ‘g9000000/10000000 060000 0G000d0000000000000 1 

IBYHMETAMEN EEO G490400060000000000000000000000000000 1 

IIENG RETIN, G5590000600000000 0000000000000 000000 coo «ah 

(OfoyapaeresPeabWA, 5 506000600000000000000600000600000000 il 

Water tenders .............. 609000000000 S900000000 

(OWI Goanobdoods oodooRaba0N Robo |SGUndDGad0D0000G00 8 
UG GASES siREHAEN go009000000006000009000000 000000 14 

Pal GESS TENSTACA 5 oonon00000000 0d00000000000000000 14 

(COIL HEIISCHIS: Go00d00bd0 cnb00000000000 0000000000000 40 

A total of officers and enlisted men of 94. It is inter- 

esting to compare this number with the total engi- 

neer force employed by the Union Iron Works upon 

the official trial trip of the Oregon, when the number 

on duty was 161 men. 

The voyage may be considered to have ended when 

the ship dropped anchor at Jupiter Inlet on the night 

of May 24, and the record given here closes at that 

‘time. Still further honor awaited this wonderful 

ship, however. At 3:57 in the morning of May 25 

the engines moved ahead slowly and the Oregon be- 

gan her journey to Key West, where she arrived the 

following day shortly after 7 A. M. 

Ordinarily, after a run of more than 14,500 knots, a 

great many repairs would be found absolutely neces- 

sary even to a cruiser, and several weeks would not 

-extraordinary service. 
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be considered too long a time to spend in rehabilitat- 

ing the engines and boilers of any ship after such 

But the Oregon coaled, rapid- 

ly completed a few adjustments of machinery, re- 

paired a few minor defects, and at 1:04 in the morn- 

ing of May 29, less than three days after her arrival, 

steamed away from Key West to add her strength to 

that of our fleet off Santiago de Cuba. 

Her part in the battle of July 3,4898, which resulted 

in the annihilation of the Spanish fleet under Ad- 

miral Cervera, is now a matter of history. If any 

further evidence is needed than that already given of 

the qualities of the Oregon, and of her personnel, the 

following quotations will undoubtedly furnish it: 

“The Oregon, steaming with amazing speed from 

the commencement of the action, took first place.” 

(Official report of Rear Admiral W. T. Sampson, U. S. 

N., upon the battle of July 3, 1898.) 

“The fine speed of the Oregon enabled her to take a 

front position in the chase, and the Cristobal Colon 

did not give up until the Oregon had thrown a 13-in. 

shell beyond her. This performance adds to the al- 

ready brilliant record of this fine battleship and 

speaks highly of the skill and care with which her 

admirable efficiency has been maintained during a 

service unprecedented in the history of vessels of her 

class.” (Ibid.) 

“The Oregon, having proved vastly faster than the 

other battleships, continued westward in 

pursuit of the Colon.” (Official report of Commodore 

W. S. Schley, U. S. N., upon the battle of July 3, 

1898.) 

“T cannot close this report without mentioning in 

high terms of praise the splendid conduct and support 

of Captain C. E. Clark of the Oregon. Her speed was 

wonderful and her accurate fire splendidly destruc- 

tive.” (Ibid.) 

“The two remaining vessels were now some dis- 

tance ahead, but our speed had increased to 16 knots, 

and our fire soon sent the Viscaya to 

the shore in flames.” (Official report of Captain C. 

E. Clark, U. S. N., commanding the Oregon, upon the 

battle of July 3, 1898.) 

“As these vessels (the Spanish) were so much 

more heavily armored than the Brooklyn they might 

have concentrated upon and overpowered. her, and 

consequently I am persuaded that, but for the way 

her officers and the men of the Oregon steamed and 

steered the ship and fought and supplied her batter- 

ies the Colon, and perhaps the Viscaya, would have 

escaped.” (Ibid.) 

“The Oregon was keeping up a steady fire and was 

coming up in the most glorious and gallant style, 

outstripping all others. It was an inspiriting sight 

to see this battleship, with a large white wave before 

her, and her smokestacks belching forth continued 

puffs from her forced draft. We were making four- 

teen knots at the time, and the Oregon came up off 

our starboard quarter at about 600 yards and main- 

tained her position, though we soon after increased 

our speed to 15 knots, and just before the Colon sur- 

rendered were making nearly sixteen.” (Official re- 

port of Captain F. A. Cook, U. S. N., commanding the 

Brooklyn, upon the battle of July 3, 1898.) 
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6 MARINE ENGINEERING. 
MARYLAND STEEL(\CO.’S SHIPBUILDING PLANT 

AT SPARROW’S:POINT, MARYLAND. 

The ship yard of the Maryland Steel Company, at 

Sparrow’s Point, Md., which was built as an adjunct 

to the steel plant in 1891, and which, in 1895, on ac- 

count of scarcity of marine work, went into bridge 

and structural work, resumed ship building opera- 

tions last fall, securing for the first contract three of 

the torpedo-boat destroyers provided for in the Naval 

programme of May, 1898. 

The yard, which has a water frontage of about 

2,000 ft., consists of a ship shed, machine and erecting 

April, 1899. 

strips, in rolls, are preserved, so that the complete 

mould loft dimensions are at any time available. 

When operations at the yard were resumed the joiner 

shop floor was utilized for a mould loft for some of the 

vessels, but the old method of fairing in the drawing 

room has been restored for more recent contracts. 

The iron gauge system for bending frames is used 

instead of wood moulds. When the frames have cooled 

off they are ready to be put in place, the punching 

having been done from the straight bar before heat- 

ing. 

The heating furnaces are shown in one of the ac- 

companying photographs. The plate furnace is built 

in the usual way of brick, and the angle furnace of 

VIEWS SHOWING INTERIOR OF ERECTING SHOP AND 125-TON SHEERS, WITH TURRET STEAMER ALONGSIDE. 

shop, blacksmith shop, copper shop, joiner shop and 

boiler shop, and a complete lumber working plant, 

with Sturtevant dryer. The foundry and pattern 

shops are the same as used for the other branch of 

the works and are about a half mile from the ship 

yard. 

Plans are projected for a dry dock, and it is ex- 

pected that work on this will be hurried. 

A peculiarity of the plant, as originally laid out, 

was that no mould loft was provided, the fairing being 

done on large scale drawings in the draughting rooms. 

The offsets were given to the loftsman, instead of in 

figures or on poles, on long strips of tough paper, and 

transferred directly to the scrieve board. These 

plates, cylindrical in form. Oil is used for fuel, with 

much success, the advantages being quick firing and 

the regulation or stopping off entirely of the heat, 

at any part, thus rendering unnecessary the protec- 

tion of scarfs and thin places with clay, as in the old 

method. The fires are closed off each night and 

started an hour before the yard begins next morning. 

_ There is a galvanizing tank for the smaller work, 

but most of the galvanizing will be done by contract. 

The cleaning of plates is accomplished by the recently 

established ‘‘sand blast process,’ thus saving the 

plates from the dangers of pickling. 

The shops and stock yard are fitted with electric 

traveling cranes, and there is a complete hydraulic 
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and pneumatic system for riveting, punching, drill- 

ing, caulking, and similar operations. 

Punches, sheers, planers and all machines in the 

ship shed are to be driven independently with elec- 

tric motors. Some are driven independently now by 

steam, but motors have been ordered for all. This 

enables over-time on single machines to be carried 

out at small cost, and permits different speeds on 

particular or ordinary work, to say nothing of the 

advantage in case of a break down in the engine room. 

The foundry, too, is provided with an electric. trav- 

eling crane, the capacity of which is 50 tons, also four 

15-ton hydraulic jib eranes, and hydraulic elevators. 

The sheers, shown in one of the illustrations, were 

used to transfer the 19-in. Krupp gun for the World’s 

Fair from the steamship in which it crossed the 

ocean to the special flat car built for the transporta- 

tion of the gun from the coast to Chicago. This sheers 

has been testéd to a maximum load of 146 tons net. 

Hydraulic power is used to operate the sheers, at a 

pressure of 1,600 Ib. to 1,800 lb. per square inch. 

The first of the contracts secured, as already noted, 

was for the construction of three torpedo-boat destroy- 

ers for the Navy, the names of which are Jructun, 

Whipple and Worden, officially known as Nos. 14, 15 

and 16, respectively. These boats, which are con- 

tracted for on the builder’s design, resemble closely 

the Spanish destroyers Furor and Terror, and are 248 

ft. long, 22 ft. 6 in. beam and 6 ft. draught on the load 

water line, with corresponding trial displacement of 

433 tons. They will be fitted with triple-expansion en- 

gines, with cylinders 23 in., 34 in. and two 87 in. dia. 

and 22 in. stroke. With 240 lb. steam pressure they 

are expected to indicate 8,300 horse power and attain a 

speed of 30 knots. 

In the yard the outside plating is now being put in 

place on a twin-screw freight and passenger steamer 

for the New Haven Steamboat Company, to be used 

for the Long Island Sound service. This steamer, 

which is practically a duplicate of the Richard Peck, 

is 325 ft. long over all; 48 ft. beam, moulded; 65 ft. 

over guards, and 17 ft. 9 in. deep, moulded. Her 

engines are triple-expansion, having cylinders 24 in., 

38 in. and 60 in., with a stroke of 30 in. and steam 

pressure of 170 Ib. 

Work is also progressing on a seagoing tug for the 

Baker-Whiteley Company, of Baltimore, in dimen- 

sions: Length, 112 ft. between perpendiculars, 125 ft. 

over all; moulded breadth, 24 1-2 ft., and depth, 14 ft. 

Her engines will be triple-expansion, with cylinders 

14 1-2 in., 23 1-2 in. and 39 in. dia. by 28 in. stroke; 

steam pressure, 175 lb., and about 800 I. H. P. This 

tug will carry powerful wrecking and fire pumps, an 

electric light plant, capstan and steam steering gear. 

Two single-screw steamers for the Boston Tow 

Boat Company have been laid down. The dimensions 

of these boats are: Length, 324 ft.; beam, 47 ft., with 

a dead weight carrying capacity of 4,000 tons, to be 

fitted either as tramps or colliers. The engines are 

triple-expansion, with cylinders 21 in., 35 in. and 56 

in., by 42 in. stroke and 1,400 I. H. P. Steam is sup- 

plied by two single-ended Scotch boilers. They will 

be fitted with complete outfit of hoisting winches, 

towing machines, and are to have the highest Ameri- 

can classification. 
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In addition to these boats, there is also contracted 

for and building a floating dry dock for the Navy, to 

be 188 ft. wide and 545 ft. long, capable of taking on 

steamers even of the Campania class. 

At present the shapes for vessels are rolled at the 

company’s plant at Steelton, Pa., but the final plan 
will be to roll plates and shapes at Sparrow’s Point. 

The original and main part of the plant, to which, 

as has been said, the Marine Department was an addi- 

tion, consists of foundries, pattern shop, boiler and 

machine shop, four blast furnaces, Bessemer plant, 

and rail mill with capacity of 1,600 tons of steel rails 

per day. Though the Bessemer plant is entirely in- 

dependent of the blast furnaces, the general practice 

is to use the metal, transported in ladle cars directly, 

without reheating. The company at present, in addi- 

tion to contracts in this country, is shipping rails to 

Ireland, India, China and Australia. 

The ore used is received at the company’s piers 

from Santiago de Cuba and Cartagena, Spain. The 

wharves are fitted with the coal loading device of the 

Link Belt Engineering Co. type. 

Another contract, on which considerable interest 

centers, is one of the War Department for ten mounts 

for 12-in. rifled seacoast mortars. 

The officers of the company are: President, F. W. 

Wood; General Agent, R. K. Wood; and the ship yard 

is in the hands of: General Manager, A. G. Wilson; 

Assistant General Manager, Rodgers Wilson, and H. 

A. Magoun, marine engineer. The Navy Department 

is represented by Wm. H. Varney, U. S. N., superin- 

tending constructor, and D. C. Redgrave, U. S. N., in- 

spector of machinery. 

For the foregoing particulars and the fine photo- 

graphs of the yard and shops we are indebted to C. B. 

Brewer, a member of the staff of the resident U. S. 

naval constructor. 

VIBRATIONS OF STEAMSHIPS AND METHODS 

OF BALANCING MARINE ENGINES—III. 

BY C. H. PEABODY, B.Sc. 

Mr. Yarrow has employed a method of balancing an 

engine with bob-weights, which can best be explained 

by certain simple preliminary examples, as in his 

150 aes 

300. 

14 

= |c— 

Marine Bry veering 

Fie. 9. 

exposition of that method. Let Fig. 9 represent a 

single-cylinder engine and its crank shaft, which has 
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two overhung cranks at the ends. At equal distances 

from the cylinder are bob-weights that are driven by 

the overhung cranks. The weight of each bob-weight 

with its rod and crosshead is half the weight of the 

piston, piston-rod and crosshead, and each bob-weight 

connecting-rod has half the weight of the engine con- 

necting-rod. With the overhung cranks opposite the 

engine crank the system of counterweighting is al- 

most perfect, for it takes care of the transverse throw 

of the connecting-rod as well as the vertical accelera- 

tion of the reciprocating parts. This system of bal- 

ancing would be perfect with a slotted crosshead; 

with a short connecting-rod the inequality of the 

accelerating forces at the top and bottom of the stroke 

is appreciable but is seldom of importance. It is not 

necessary to have the bob-weights equidistant from 

the engine cylinder; they may be at unequal dis- 

tances, as in Fig. 10, provided their weights are prop- 

erly proportioned. In Fig. 10 the right hand bob- 

weight and attached parts has half the weight of the 

left hand bob-weight and attached parts, for it is 

twice as far from the engine cylinder. The right 

hand overhung crank in this case should also have 

half the weight of the left hand crank, to preserve 

the balance of the crank shaft. In any case it will be 

sufficient to make the weights of the bob-weights (and 
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attached parts) inversely proportional to their dis- 

tance from the cylinder of the engine. The connect- 

ing-rods should also have their weights inversely pro- 

portional to their distances if the transverse throw is 

to be balanced. 

But it is not necessary to make the length of the 

Overhung cranks the same as that for the engine 

itself. If the bob-weights in Fig. 9 are each made as 

heavy as the piston and its attached parts, then the 

overhung crank can be made half as long as the en- 

gine crank. For either Fig. 9 or Fig. 10 the length 

of an overhung crank and its bob-weight may be 

varied at will, provided that after such a transforma- 

tion the product obtained by multiplying together the 

length of the crank and the weight of the bob-weight 

(and attached parts) is equal to the product of the 

original length and the original weight. 

MARINE ENGINEERING. 9 

The preceding discussion affords the basis of the 

method of balancing proposed by Mr. Yarrow. He 

first chooses two convenient places near the ends of 

his engine at which he proposes to place all the bob- 

weights, or, rather, the equivalent of them. In Fig. 11 

Hye. 11 

let the cranks for the high-pressure, intermediate and 

low-pressure pistons be represented by H, J and L. 

Let # i 1 represent a circular disk clamped to the 

shaft forward of the engine, and h* i‘ [ be a similar 

disk abaft of the engine; all the diagrams in Fig. 11 

are supposed to be viewed by a man who stands in 

front of the high-pressure cylinder and looks aft. 

Let us consider first the high-pressure piston. To 

counterbalance it we may use two cranks with bob- 

weights, which may be one forward of the engine and 

one aft. The forward bob-weight will be the larger, 

as it is nearer the cylinder under consideration. For 

counterbalancing the vertical accelerating force we 

may use instead, if we choose, two weights, as h and 

h', which shall be placed opposite the crank H, one 

on the forward circular disk and one on the after disk. 

The sum of the weights h and h' will be equal to the 

weight of the reciprocating parts of the high-pressure 

cylinder, and their individual weights will be inverse- 

ly proportional to the distance of the high-pressure 

cylinder to the circular disks. Of course if we finally 

use such revolving counterweights, we must accept 

the transverse throw at half stroke; however, the 

assumption of revolving counterweights is merely a 

device for working out the problem, and bob-weights 

will be used in the end. On the diagram the revolving 

counterweights are represented by circles with areas 

proportional to their weights. The intermediate pis- 

ton can be counterbalanced by the two weights 7 and 

; 1 being slightly the heavier because the interme- 

diate cylinder is nearer the forward circular disk. © 

Again, the low-pressure piston can be counterbalanced 

by the weights 7 and /'; the latter being the largest 

weight on either disk, because the low-pressure piston 

is large and is near the circular disk. The circular 

disks may be assumed to be symmetrical, so that they 

are individually in balance, but one disk with its 

counterweights will of course be out of balance. To 

find the effect of centrifugal force acting on any un- 

balanced revolving body it is sufficient to know its 

weight, the position of its center of gravity, and, of 

course, the number of revolutions per minute. The 
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last term need not, however, be considered for our 

present purpose, as a proper counterbalancing will be 

equally efficacious at all speeds. Let us suppose now 

that p is the center of gravity of the system of these 

weights at h, i and l. This can be found by draw- 

ing the line 7 7 joining the centers of the weights 

4 and J, and dividing it at a, into parts which are in- 

versely proportional to the weights at 7 and /; and 

then by joining a to the center of h and dividing the 

line a@ h into parts that are inversely proportional to 

i1+landh. In like manner p’ is the center of grav- 

ity of the system of the weights 7, /’ and h* on the 

aft disk. We may therefore counterbalance the en- 

gine by placing at p a weight equal to h +74 1, and 

at p' a weight equal to h' + 721+ 7. If we use that 

method, however, we shall have an undesirable cross 

throw when either the weight at p or the weight at p' 

is half way between the top and bottom of its revo- 

lution. To avoid this cross throw it will be necessary 

to use bob-weights. The forward. bob-weight will 

have the center of its crank pin at p and the recipro- 

eating parts will have a weight h + 7+ 1; in like 

manner the after bob-weight will weigh hi +7 +17, and 

p' will be the center of the crank pin. If the weight 

h +%+p is considered too large for convenience, half 

that weight may be used, provided the length of the 

crank be doubled; or the crank may be made any 

desirable length provided the weight be proportion- 

ally reduced. So also may the crank for the after bob- 

weight be made any desirable length by changing the 

weight to correspond. In general it will be found 

more conyenient to use eccentrics to drive the bob- 

weights instead of cranks; this, however, will affect 

details of construction only. 

For the sake of simplicity the statement for Yar- 

row’s method takes account of the piston only; but 

the valves and valve gear for a marine engine have 

considerable weight, and it is desirable to include 

them in the balancing of the engine. In dealing with 

the valve gear Mr. Yarrow assumed the go-ahead ec- 

centric to drive the valve and its rod, also half the 

link and one eccentric-rod. The backing eccentric 

was assumed to drive half the link and one eccentric- 

rod. He had thus in all nine sets of reciprocating 

parts, namely, three pistons and connected parts, 

three valves with rods and half links and three half 

links and eccentric-rods. This gave him nine coun- 

terbalancing weights at the forward location for 

counterbalancing, and nine at the after plane. The 

method, however, differed from that represented by 

Fig. 11 only in having more counterbalancing weights 

to reduce to one weight at the center of gravity of the 

system, and this meant only a little more calculation 

in the determination of the center of gravity. 

For a special case of the engine for a torpedo boat 

Mr. Yarrow found that 740.25 lb. were required at the 

forward plane for counterbalancing, the center of 

gravity being 1.04 of an inch from the center of the 

shaft. The after weight was 1,178.15 lb., and its center 

of gravity was 0.28 of an inch from the center of the 

shaft. Mr. Yarrow used for the forward bob-weight 

413 lb. with an eccentricity of 1 7-8 in., and for the 

after bob-weight 134 lb. with an eccentricity of 2 1-2 in. 

The total weight added was consequently only 547 Ib., 

and the bob-weights were found to give little incon- 
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venience in the design or running of the machinery. 

To reduce the task of counterbalancing his engine 

Mr. Yarrow first counterbalanced the cranks before 

proceeding to discuss the reciprocating parts. In 

practice this method has been found to give very 

satisfactory results when applied to a torpedo boat, 
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which showed dangerous vibrations when the engine 

was unbalanced, and scarcely any when the engine 

was balanced. 

This method when applied to the balancing of large 

engines is liable to demand very large bob-weights 

and large eccentrics for driving them. Schlick says 

that such a set of bob-weights for a certain engine 

which indicated 7,000 horse power weighed in all 44 

tons, even though very large eccentrics were chosen, 

one eccentric having 12 in. eccentricity and the other 

20 in. It is needless to say that the system was not 

applied to that engine. : 

Schlick has devised a very ingenious way of coun- 

terbalancing a marine engine when four cylinders are 

employed, which method virtually treats two of the 

pistons as bob-weights for counterbalancing the other 

two. He first suggests that the two large cylinders 

for a four-cylinder engine be placed in the middle 

and the smaller cylinders at the ends. Thus for a 

quadruple-expansion engine he would use the ar- 

rangement shown by Fig. 12, the cylinder beginning 

at the forward end of the engine being in the order of 

high-pressure, second intermediate, low-pressure and 

first intermediate. The chief difficulty of such an 

arrangement seems to be the large amount of piping 
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needed, since the exhaust from the high-pressure 

cylinder must be led the whole length of the engine 

to reach the first intermediate cylinder; and the ex- 
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haust from the first intermediate cylinder must be 

led nearly as far to reach the second intermediate 

cylinder. A four-cylinder triple-expansion engine 

with two low-pressure cylinders can be similarly ar- 

ranged with the two large cylinders in the middle. 

If it is considered desirable, the usual arrangement 

Atl 
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shown by Fig. 6 can be used, the order being, high- 

pressure, intermediate and then the two low-pressure 

cylinders, and the method may still be used. 

Having the engine arranged as in Fig. 12, Schlick 

proposes that the cranks for the two inside cylinders 

be placed at right angles as indicated on Fig. 13, and 

then says that for the customary proportions for such 

a quadruple engine the high-pressure and first inter- 

mediate cranks will be at H and 7 J, the first 33 deg. 

from a horizontal line and the second 22 deg. from a 

vertical line. These angles occur with an engine 

which has the following proportion of reciprocating 

parts: 

Eigh=pressunemereeeeeeeeercecececcecineecrer skier lle 

HITStpintenmediatemreerre cocci criciieterisniselictels 1.177 

Secondiintermediatemerccerer eee eieleciasteiictelre 1.261 

WOW RESELEND. S000 p00 0a 00si000090 00000 onbadonpaanagOnA 1.64 

It will be seen that the succession of cranks start- 

ing at the high-pressure crank is as follows: 

High-pressure to second intermediate.............. 147° 

Second intermediate to low-pressure................ 90° 

Low-pressure to first intermediate.................. 158° 

It may be expected that the engine will give a very 

smooth turning motion to the shaft, almost as good 

an effect as the arrangement shown by Fig. 6. The 

Fia. 14. 

effect of the engine in starting cannot be considered 

so satisfactory, since the high-pressure crank is only 

35 deg. from the first intermediate crank. 

MARINE ENGINEERING. ie 
If the two outside pistons can be used as bob- 

weights for the inside pistons, then conversely the 

inside pistons may be made to serve as bob-weights 

for the outside pistons. With the same proportions 

for the engine Schlick suggests the arrangement 

shown by Fig. 14.. Here the high-pressure and first 

intermediate cranks are at right angles, while the 

second intermediate crank is 36 1-2 deg. from the 

horizontal and the low-pressure crank is 18 1-2 deg. 

from the vertical. The succession of crank is there- 

fore 

High-pressure to second intermediate............. 

Second intermediate to low-pressure.............. 145° 

Low-pressure to first intermediate................. 

This would appear to give a smoother turning effect 

than the previous arrangement and to give a better 

arrangement for starting. But for that matter it ap- 

pears that a proper arrangement of by-pass valves 

for supplying steam to the larger cylinders ought to 

allow the engineer to start with certainty from any 

position of the engine. 

To determine the position of the two outer cranks 

for the first arrangement shown by Fig. 138, we may 

proceed as follows: Assume that there are sym- 

metrical disks placed at the positions where the out- 

Fig. 15 Fig. 16 

side cranks (high-pressure and first intermediate) 

are to come, and find the proper counterweights to be 

attached to these disks to counterbalance the two in- 

side pistons. Fig. 15 may represent the forward disk 

and Fig. 16 the after disk; the positions for the second 

intermediate and low-pressure cranks are marked on 

the disks for reference. The counterbalance weights 

for the second intermediate piston will be at 7, Fig. 

15, and at 7’, Fig. 16, and will be inversely propor- 

tional to the distance of the second intermediate 

cylinder from the high-pressure and first intermediate 

cylinder, or, what amounts to the same thing, from 

the assumed counterbalancing disks. The counter- 

weights for the low-pressure piston will be at 7 and l’. 

The sum of the weights at i and 7’ must be equal to 

the weight of the reciprocating parts of the second 

intermediate cylinder, and the sum of the weights at 

7 and 2’ must be equal to that for the low-pressure 

eylinder. Now, in Fig. 15, find the center of gravity 

of the weights at i and 7 by dividing the line joining 

those parts inversely proportional to the weights at 

t and z. The center of gravity h is the place where 

a weight equal to the sum of the weights at 7 and 1 

can be placed to counterbalance both the inside pis- 
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tons. In like manner join 7’ and l’, in Fig. 16, and 

divide the joining line at m inversely proportionally 

to the weights at i’ and l’. Then vm is the place where 

a weight equal to the sum of those at 7’ and 7’ can be 

placed. The high-pressure crank will be at H on the 

prolongation of a line drawn from the center of the 

shaft through h. To find the proper weight of the 

high-pressure reciprocating parts multiply the coun- 

terbalance weight at h by the length of the line 0 h 

and divide by the length of the line O H. The first 

intermediate crank is at / J on the line O n produced, 

and its weight is found by multiplying the counter- 

balance weight at n by O n and dividing by the radius 

of the crank 7 I. 

A similar construction and calculation can be made 

for the arrangement shown by Fig. 14, where the 

counterbalance disks must be assumed to be at the 

places where the middle cranks are to come. Then 

counterweights are determined for the high-pressure 

and first intermediate reciproacating parts separately 

and therefrom single counterweights can be found, 

which will indicate the position of the inside cranks. 

The determination of the weights of the reciprocating 

parts for the inside cylinders is then to be determined 

as were those for the outside cylinders in the preced- 

ing statement for the arrangement of Fig. 13. 

If the weights determined for those reciprocating 

parts which are treated as bob-weights cannot con- 

veniently be used, then the counterbalancing will be 

imperfect to the extent of the difference between the 

determined weights and the weights that must be 

used. 

Schlick does not appear to take account of the 

valves and valve gears in his method of counter- 

balancing engines. Of course there would be no great 

difficulty in dealing with the valves and gears for 

those cylinders whose cranks are at 90 deg.; the diffi- 

culty comes in trying to deal with the valves and 

gears for those cylinders whose reciprocating parts 

are treated as bob-weights. The only way appears to 

be to first balance the engine without considering 

the valves and gears and then add the latter and find 

how much lack of balance may exist. If the balance 

seems to be too imperfect, there seems to be no way 

of improving it except by trial, for of course the 

eccentrics must be in the proper relative position 

compared with the cranks to give the proper angular 

advance. 

Though Schlick does not mention the application 

of his process to four-cylinder triple engines like 

those shown by Fig. 6, it is evident that it may be 

used to improve the running of such an engine, if not 

to give complete balance. To give complete balance 

it will probably be necessary to give unequal weights 

to the low-pressure pistons. If that cannot be done, 

the same result can be attempted by changing the 

weights of the high and intermediate cylinders. 

It is interesting to note that the British cruiser 

Terrible had the cranks for a four-cylinder triple- 

expansion engine arranged as in Fig. 6, and that vio- 

lent vibrations were found to occur when running at 

nineteen knots. The engines were tried with sev- 

eral arrangements of the cranks, settling finally on 

an arrangement which was very similar to that shown 

by Fig. 13 herewith. 
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AMERICAN SCHOOLS OF MARINE 
ENGINEERING AND NAVAL 

ARCHIVE GORE: 

UNITED STATES NAVAL ACADEMY AT AN- 
NAPOLIS—DEPARTMENT OF STEAM 

ENGINEERING. 

A Description of the Great National Educational Institution, with 

Special Reference to the Course of Instruction of the 

Recent Engineer Division of Naval Cadets. 

BY CHIEF ENGINEER F. J. SCHELL, U. S. N._ \ | 

The United States Naval Academy was founded in 

1845 by the Hon. George Bancroft, Secretary of the 

Navy, in the administration of President James K. 

Polk. It was located at Annapolis, Maryland, on the 

land occupied by Fort Severn, which was given up by 

the War Department for the purpose. Previous to 

this the instruction of young naval officers had been 

carried on in a desultory manner at the Naval Asylum 

at Philadelphia, and at the Navy Yards at Boston, 

Norfolk and New York, a few Professors of Mathe- 

matics and Languages being detailed for this work. 

The Academy was formally opened under the title of 

the Naval School, on October 10, 1845, Commander 

(afterwards Admiral C. S. N.) Franklin Buchanan 

being the first Superintendent. 

Various reasons led to the selection of Annapolis 

for the site of the Academy, prominent among which 

were its nearness to the seat of the national govern- 

ment at Washington, and what was then its excellent 

harbor, now unfortunately fallen quite into disuse 

for commercial purposes. Then, in addition, sectional 

lines had some weight, and as the other national 

Academy, that for the Army, was located in a north- 

ern state, it was only considered fair that the one for 

the Navy should be south of Mason’s and Dixon’s line. 

The site is a beautiful one. Located in the angle 

made by the Severn river and the harbor of Annap- 

olis proper, it has a water front on two of its sides 

about 1,800 yards in extent. The original plot con- 

tained about seven acres. This has been added to by 

reclaiming portions of the shore below low water 

mark, and by purchase, until at present fifty-three 

acres are included within the Academy walls. The 

ground rises gradually from the water to a max- 

imum elevation of about twenty-five feet. The grounds 

are tastefully laid out, and the walks in the older por- 

tions are shaded by fine old walnut and maple trees. 

The buildings for officers’ and cadets’ quarters have 

been erected at different times to meet the growing 

needs of the Academy, without following any well de- 

fined plan. Some of these, erected hurriedly on made 

ground, have been found unsafe, so that in 1895 a 

Board of Naval Officers, after a thorough and ex- 

haustive examiration of the subject, decided that the 

Academy had to be practically rebuilt, and on a scale 

commensurate with the importance of the Navy as 

one of the co-ordinate branches of the Nation’s de- 

fense. An admirable design for rebuilding was worked 

out, utilizing such of the buildings as could be worked 

in harmoniously; the total expenditure involvel will 

be some eight to ten millions of dollars. Congress has 
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at last consented to deal liberally with the Academy, 

about one and three-quarter million dollars have been 

made available, and the first contracts under the re- 

building plan, for a new Armory, Power House and 

the extension of the sea wall are about to be given 

out. When the plans are fully carried out the Naval 

Academy will be second to none in the world in its 

facilities for imparting instruction, thus insuring for 

the future the maintenance of the high standard for 

scholarship, practical knowledge and efficiency that its 

graduates have always had in the past. 

The students at the Naval Academy are styled Na- 

val Cadets, and there are allowed at the Academy one 

for every Member and Delegate of the House of Rep- 

resentatives, one for the District of Columbia and ten 

at large. The course is six years. Of these six, four 

are spent at the Academy and two at sea. At the ex- 

piration of the latter the cadets return to the Academy 

for final graduation, after which they are commis- 

sioned in the lowest grades of their corps. As there 

are thus always two classes at sea, the number at the 

Academy is always, at least, that many less than the 

number of Representatives. In addition there are 

nearly always a few districts in which Representatives 

have not made appointments, so that the usual num- 

ber at the commencement of the Academic year, Oc- 

tober 1, does not vary much from two hundred and 

sixty. The last graduating class of fifty-five members 

had, in addition to the six appointed at large, repre- 

sentatives from twenty-two states. Kentucky headed 

the list with a representation of five. Ten states had 

each a single representative. 

Candidates for admission are nominated by the 

Representatives of the different Congressional Dis- 

tricts, and appear for examination on May 15 and 

September 1 each year. The candidate must be be- 

tween fifteen and nineteen years of age. He is sub- 

jected to a rigid physical examination, and a mental 

one which the youth who has had a good high school 

education should be able to pass without special dif- 

ficulty. Those who receive 62.5 per cent. of the max- 

imum mark in all branches are considered as having 

passed satisfactorily, and are appointed Naval Cadets 

by the Navy Department. 

The life of the cadet is eminently a busy one, the 

daily routine being about as follows: Reveille at 6 

A. M., When he must turn out, and in the succeeding 

half hour dress and tidy up his room. Then comes 

morning roll call, followed by breakfast from 6:45 

o’clock to 7:30 o’clock. At 7:30 A. m. sick call, when 

those in need of medical attention proceed to Sick 

Quarters to see the Medical Officer of the day. From 

7:55 o’clock to 10 o’clock and 10:10 a. m. to 12:15 Pp. M. 

are the first and second study and recitation periods. 

At 12:30 o’clock dinner, for which one hour is allowed. 

Afternoon recitations are from 1:55 o’clock to 3:55 

o’clock, at which latter time recitations end for the 

day. From 4:10 p. m. to 5:45 p. m. is the drill period, 

and it is during this period that the cadet receives his 

practical instruction in the duties of the enlisted man 

as well as the officer on board ship. In the evening 

from 5:45 o’clock to 6:30 o’clock is a recreation period. 

At the latter hour the cadet has his supper. From 

7:30 o’clock to 9:30 o’clock is the period for evening 
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studies, and at 10 Pp. mM. “taps,” when all hands must 

turn in. 

This is practically the routine for five days in the 

week throughout the Academic year. Saturday morn- 

ing the first period is for recitations and the second 

is for drills. Saturday afternoon and evening are free 

from drills and recitations and are the principal rec- 

reation times of the cadet. It is then that he can 

visit his friends in the city of Annapolis, or the fam- 

ilies of officers in the yard. On Saturday evenings the 

cadet hops are given, lasting from 7:30 o’clock to 10 

o’clock. About ten of these are given during the sea- 

son, and they are largely attended, visitors from as 

far as Philadelphia or New York being in frequent 

attendance for the hop. The brilliant function of the 

year is, of course, the hop given to the graduating 

class in June, at which at least one thousand guests 

are expected and welcomed. 

Although the cadets’ time is well occupied by study, 

recitations and drills, they still manage to get oppor- 

tunity for sports and, occasionally, for some of the 

pranks of their college compatriots. There is always, 

each in its proper season, a football, baseball and 

track team and a boat crew in training. Games, which 

take place on Saturday afternoon, are arranged with 

different college teams, and the cadets, owing to their 

pluck and excellent physical condition, are quite uni- 

formly successful. Last year’s football team was 

beaten once, and then by Princeton University. That 

the cadets indulge in pranks, the illustration of the 

“Burial of Math.” (which takes place when the course 

in mathematics is finally ended at the end of the first 

term in the first class year) will show. 

The cadets are divided into classes as follows: Those 

in their first year constitute the fourth class; second 

year, third class; third year, second class, and fourth 

year, first class. Class lines are closely drawn; cer- 

tain seats and walks in the grounds belong to certain 

classes, and unhappy the lot of the lower classman 

found occupying either by the “rightful” owners. 

The drills and practical exercises are of many and 

various kinds, and during the first three years are the 

same for all cadets. They are drilled as a Battalion of 

Infantry and of Artillery; are exercised in boats under 

oars and sails, and have the practical handling of 

steam launches; have fencing, swimming, boxing, 

gymnastics, dancing, and cane and broad sword exer- 

cises, and also target practice, both with small arms 

and great guns. The view here printed of the bat- 

talion scaling the wall is one of the features of in- 

fantry drill. These drills and exercises, many of 

which take place in the open air, in addition to im- 

parting a vast amount of practical instruction, are an 

excellent thing for the physical well being of the 

cadets, “hard as nails” being not at all a misnomer for 

their physical condition. 

The Superintendent is a line officer of the Navy, not 

below the rank of Commander. Heads of departments 

and instructors are, with a few exceptions, naval of- 

ficers, detailed by the Navy Department at the request 

of the Superintendent, who thus spend their three 

years’ tour of shore duty in instructing in the different 

Academic Departments. The head of the Departments 

of Steam Engineering and Drawing is a Chief En- 
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gineer with the rank of Commander. He has for his 

assistants one Chief and five Passed Assistant En- 

gineers, and a professor of Drawing, to carry on the - 

work of instruction in the two departments. 

By an Act of Congress, approved July 4, 1864, au- 

thority was given to the Secretary of the Navy to 

establish a course of instruction for cadet engineers 

at the Naval Academy, the number undergoing in- 

struction at any one time not to exceed fifty. It was 

not until two years later, in 1866, that any appoint- 

ments were made, when two young men were ad- 

mitted. With these, and two admitted the folowing 

year, the cadet engineer system at the Naval Academy 

had its beginning. Of the four so admitted, one re- 

mains in the service to-day, and is Chief Engineer of 

the Naval Station at Havana. 

In 1866, a class of sixteen Acting Third Assistant 

Engineers was ordered to the Naval Academy to pur- 

sue a two years’ course of instruction, and these were 

graduated in 1868. 

The education of engineer officers at the Naval Acad- 

emy met with considerable opposition, and it was not 

until 1871 that the system of admitting each year a 

number of cadets to study engineering subjects to fit 

themselves for the duties of engineer officers in the 

navy can be considered as having been regularly estab- 

lished. -In that year a class numbering sixteen was 

admitted, the appointments being made after com- 

petitive examination. This class, and the classes ad- 

mitted in 1872 and 1878, pursued a course lasting two 

years, and were then graduated. After performing 

from one to two years’ sea service in cruising naval 

vessels the members were commissioned as Assistant 

Engineers. 

In 1874, the course at the Academy was extended 

by Congress to four years, this applying to the class 

entering in September of that year; this was the first 

fourth class of cadet engineers to become a part of the 

battalion of midshipmen, as it was then called. The 

appointments were made after competitive examina- 

tion, the subjects of examination stated in the cir- 

cular being the following: “Arithmetic, Algebra 

through equations of the first degree, Plane Geometry, 

Rudimentary Natural Philosophy, Reading, Writing, 

Spelling, English Grammar, English Composition, 

Geography, Freehand Drawing and an elementary 

knowledge of the principles governing the action of 

the steam engine.” It was also specified that ‘other 

qualifications being equal, those possessing the great- 

est skill and experience in the practical knowledge of 

machinery will have precedence for admission.” 

The cadet engineer system being now well estab-- 

lished, candidates in increasing numbers appeared 

each year, until finally there were as many as two hun- 

dred and fifty competitors for the twenty-five appoint- 

ments. The examination, although apparently easy 

from a superficial view, was, in fact, made by the Aca- 

demic Board sufficiently searching on the subjects spec- 

ified. In fact, this system of selection was such as to 

insure that the young men selected were the scholars. 

Classes of twenty-five were admitted each year, the 

course was well worked out and improved, until with 

the fine material at its disposal, it became at the time 

when it was abolished, a school of marine engineering 
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not excelled by any. The Act of Congress of August 5, 

1882, making extensive reductions in the navy, swept 

the marine engineering course out of existence. To 

show that the school had been successful in the results 

sought to be obtained, it is only necessary to refer to 

the prominent part taken by its graduates in the de- 

signing, building and management of the machinery 

of our new naval vessels; or to the high positions 

taken in the engineering world by those wno, wearied 

by their long wait for promotion, have resigned. 

The present course was established by special act 

approved March 2, 1889, in which it is provided: 

“That the Academic Board of the Naval Academy shall 

on or before the thirtieth day of September in each 

year, separate the first class of naval cadets then com- 

mencing their fourth year into two divisions, as they 

may have shown special aptitude for the duties of the 

respective corps, and the cadets so assigned 

to the engineer corps division, of the first class, shall 

thereafter pursue a separate course of study arranged 

to fit them for service in the engineer corps of the 

navy.” ; 

It is seen from the provisions of the preceding act 

that for three years all cadets being educated at the 

Academy pursue precisely the same course of study, 

and that it is only during the last year that any sep- 

aration is made. It might be supposed that, conse- 

quently, engineering education was limited to this one 

year’s course of instruction; such, however, is far 

from being the case, as, in fact, instruction in en- 

gineering, or its kindred subjects, extends throughout 

three years of the course. . 

A short digression here as to the division of time is 

pertinent. 

The Academic year, extending from October to June, 

is divided into two terms of four academic months 

each. The day is divided into three study periods of 

two hours each, one hour of the two being devoted to 

study, and the other to recitation in the different 

branches, so that there are in one week sixteen (one 

on Saturday morning) such periods. Following this 

there is a drill period of one hour and a half, which 

is devoted to drills and practical work of different 

kinds. 

During the third class year an average of three pe- 

riods a week of two hours each throughout the year is 

devoted to mechanical drawing, and during the second 

class year two periods a week during the first term are 

thus employed. 

When the cadets become second classmen their text 

book work in steam engineering begins; during the 

first term three periods each week are given to the 

study of mechanism—Goodeve’s Elements of Mechan- 

ism, with accompanying notes and problems, by 

Passed Engineer Gow, being the text books used. The 

study of mechanism being completed, the beginning of 

the second term finds the class commencing the study 

of Marine Engines, three periods a week being de- 

voted to the subject, and that most excellent work, the 

Marine Steam Engine, by Sennett and Oram, with 

notes, problems and additions to conform to United 

States naval practice, are used as the text books. 

At the end of the annual examination in June of 

each year the assignment to the engineer division 
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18 MARINE ENGINEERING. 

is made, and, after a practice cruise lasting three 

months, the last year of the course is commenced. 

A glance at the material available for assignment 

will be of interest. The collegiate work preliminary 

to the professional course has been finished during the 

preceding three years, and during that time a constant 

weeding out process has been in operation, so that of 

the ninety or one hundred who started as fourth class- 

men about forty-five to fifty will have been left. Those 

who proceed have their methods of thought and study 

so well developed that they can grasp and digest an 

immense amount of matter in a comparatively short 

time, from twenty to twenty-five octavo pages being 

the usual lesson in each of the three subjects for the 

day. 

The methods pursued, coupled with the fact that 

future promotion, as regards classmates, depends on 

the standing taken at the end of the course, furnish 

the strongest incentives to doing the maximum of 

work. The sections assigned to each instructor are 

small, ten at the most, with the average about eight, 

and each cadet receives a considerable amount of the 

instructor’s attention. The standing rule in many of 

the departments is to keep the cadets employed 

throughout the entire recitation hour. Marks are as- 

signed for each recitation; examinations are held 

monthly, semi-annually and annually. Daily, weekly 

and monthly marks are combined in a certain definite 

manner, and those who do not receive 62.5 per cent of 

the maximum for their final mark are considered as 

unsatisfactory and are required to resign. From the 

preceding it is seen that the material from which the 

first class is formed is well and thoroughly sifted. 

The assignment of time in the first class year gives 

ten periods a week to steam engineering, three to me- 

chanics and strength of materials, and three to elec- 

tricity, light and heat during the first term. The sec- 

ond term’s assignment is eleven periods to steam en- 

gineering and four to naval construction and ship- 

building; the remaining periods are devoted to hy- 

giene and naval law. 

The time assigned to steam engineering is divided 

among the following branches: Marine engines, boil- 

ers, designing machinery and experimental engineer- 

ing, and in each branch, although text books are used, 

a vast amount of additional matter is given the cadets 

by means of notes published in pamphlet form, each 

cadet being provided with a copy. 

A statement more in detail of the items in each 

branch will be necessary for a proper understanding 

of the course. Some of the items in the branch “Ma- 

rine Engines” are as follows: Horse power, nominal 

and indicated, and the efficiency of the engine; resist- 

ance of ships and the horse power necessary for speed; 

space occupied and general description of modern ma- 

rine machinery; engines, simple, compound and tri- 

ple-expansion; expansion of steam, mean pressure, 

etc.; piston speed, stroke of piston, revolutions, size of 

cylinder; cylinder fittings; the piston, piston rod, con- 

necting rod; shafting, crank, line and propeller 

shafts; foundations, bed plates, columns, guides and 

framing; the condenser and its necessary pumps; 

valves, valve gears and valve diagrams; propellers, sea 

cocks and valves; erecting machinery on board ship; 
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starting and reversing of main engines; materials 

used by the marine engineer. 

These are studied, with Seaton’s Manual of Marine 

Engineering as a text book, supplemented by lectures, 

notes, and oral instruction as is needed to make the 

cadets thoroughly acquainted with the latest Amer- 

ican marine engineering practice. 
A short course on metals and alloys is given, using 

as a text book Metals, by Huntington and McMillan; 

also a course in Thermodynamics, with Cotterill’s 

Steam Engine as the text book, supplemented by notes, 

and a short course covering the practical operations 

of casting and founding, smithing and forging, boiler 

making and plate work, and laying off machine work 

is given, using Lineham’s Mechanical Engineering, 

Part I, as the text book. 

These courses are all embraced under the head ‘‘Ma- 

rine Engines,” to which three periods a week through- 

out the year are assigned. 

The course in “Boilers” extends throughout the 

year. The first term is devoted to a practical study of 

the different types of boilers, both for land and ma- 

rine purposes, with special attention to the types, both 

cylindrical and water tubular, specially adapted for 

use at sea; the different fuels used, boiler mountings 

and details, the arrangement of different units to ob- 

tain the necessary power, the wear and tear, and the 

methods of making the necessary repairs. The aim 

being to give the cadet a thorough knowledge of the 

marine boiler, in its entirety and all its details, as well 

as a good idea of the proper methods of management 

to insure economical working and freedom from acci- 

dent and extensive repairs. Stromeyer’s Marine 

Boiler Management and Construction forms the 

ground work from which this portion of the course is 

built up, which has two periods a week during the first 

term devoted to it. 

Having become thoroughly familiar with the fore- 

going, the next step in the course is the practical de- 

sign of a boiler or set of boilers, and a sample problem 

is as follows: “Required, a set of boilers to supply 

steam of 160 lb. pressure to triple-expansion engines, 

such as are used in a modern naval vessel of the 

cruiser class; the boilers not to be under an air pres- 

sure in excess of one inch of water; the engines to 

develop 16,000 I. H. P. as an average for four hours. , 

The space available in the ship for boilers, fire rooms, 

feed pumps, etc., is 102 ft. long, 40 ft. wide, and 20 

ft. high.” 

For working out this problem, a pamphlet, embody- 

ing the latest American practice, has been written by 

instructors at the Academy, and in it all of the calcu- 

lations necessary for a set of boilers are made in every 

detail. The cadets also have access to blue prints 

showing the latest practice of the Bureau of Steam 

Engineering of the Navy Department, and from the 

data thus obtainable work out, under the instructor’s 

supervision, the boiler design for the required case, 

deciding on the type, number and size of boilers, mak- 

ing the necessary provision for easy firing, fixing the 

sizes and dimensions of all the different parts, in- 

cluding details of all riveted joints. Such a drawing, 

for instance, shows one of five double-ended boilers, 

which, with two single-ended boilers of the same diam- 
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20 MARINE ENGINEERING. 

eter, make up the set. Detail sheets showing the de- 

tails of riveting, the methods of fitting ordinary and 

stay tubes, the sizes and shapes of the different shell 

and combustion chamber sheets, and of other parts 

requiring special delineation are also gotten out. 

In “Designing Machinery” Unwin’s Machine Design 

is used as a text book, supplemented by numerous 

pamphlets on designing problems, among which may 

be mentioned notes on design of screw propellers, con- 

necting rods, crank and line shafts, powering ships, 

condensers and air pumps, and the general design of 

triple-expansion marine engines complete. In each 

case a problem embodying one of the above-mentioned 

subjects has been worked out in detail, showing the 

method of procedure for the guidance of the cadet. 

With regard to these pamphlets, it was early appre- 

ciated that no set of text books, with reasonable num- 

bers, could be found that would give everything 

wanted for the course, and the necessity for addi- 

tional material was apparent from the beginning. The 

question then arose as to the advisability of teaching 

by lectures this additional matter. This method was 

given a trial, but was found to take up a great deal 

of the cadet’s time, both in attending the lectures and 

writing up the notes afterward; time that, in the 

opinion of those in charge, could be spent to much bet- 

ter advantage in actual work, so that the system of 

preparing the lecture material in the shape of pam- 

phlets was tried and found to be thoroughly satisfac- 

tory. These pamphlets are reproduced on the mimeo- 

graph, and kept up to date by adding each year the 

necessary additional matter. This, of course, entails 

a great deal of work on the instructors, but the re- 

sults show that the labor is well bestowed. 

During the year each cadet gets out finished working 

drawings, tracings, or blue prints of the following: 

(1) Preliminary sheet to familiarize himself with the 

use of formule, containing the design of a knuckle 

joint for a boiler brace, a screw jack of certain lift 

and power, and a connecting-rod end with crank pin 

brasses, using the strap, gib and key connection. (2) 

Design of a steel connecting rod, with crank pin and 

crosshead brasses complete for a high power triple- 

expansion marine engine. (38) Design of a screw pro- 

peller for engines of a given power ‘and to insure a 

certain required speed for a given ship. (4) General 

design, elevation and plan of twin screw triple-expan- 

sion engines to propel a given ship at a certain re- 

quired speed. In addition some of the more rapid 

workers are able to get out designs for the condenser, 

or construct the necessary valve diagrams, and make 

detail drawings of the valves and valve gear. In con- 

nection with this work the cadets are required to keep 

note books in which all calculations and data are 

neatly entered. Five periods the first term and two 

the second, each, a week, are given to this branch. 

The course in “Experimental Engineering” has three 

study periods a week assigned to it during the second 

term of four months. Two of these are given to reci- 

- tations and work in the section room, with Carpenter’s 

Experimental Engineering as a text book, and the third 

is given to practical work in the engineering labora- 

tory. Following are a few of the numerous tests and 

experiments that the cadets are required to make, 
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viz.: Tensile tests and the determination of the elas- 

tic limits of the different materials of construction 

used by the marine engineer; calorimetric measure- 

ments of the moisture in steam; friction tests of lubri- 

cants, tests of steam pumps, steam boiler tests, analy- 

ses of chimney gases, calorimetric tests of the heating 

power of different fuels, engine tests by Prony brake 

and transmitting dynomometer, setting steam valves, 

taking indicator diagrams, standardizing indicator 

springs, testing steam pressure gauges, calibrating 

different instruments, use of the slide rule and dyna- 

mometric tests of propellers. 

There is used for testing purposes a triple-expansion | 

engine of 100 I. H. P., here illustrated, which was 

built in the machine shop of the Academy by the ca- 

dets as part of the course of practical instruction. This 

engine drives a propeller in a tank and is fitted with 

indicator motion, transmitting and thrust dynamom- 

eters, thus furnishing the means of separating the 

different elements which go to make up the efficiency 

of the complete marine engine and propeller in their 

latest forms. 

There is an Allen Dense Air Ice Machine installed 

in the department, and the cadets run it for a certain 

period, getting experience in handling the plant that 

may fall to their care on board ship. 

The preceding is a brief outline of what may be 

called the “theoretical” portion of the course of in- 

struction. In addition there is quite an extended 

course of practical instruction in steam engineering. 

This practical instruction begins during the third 

class year, and continues at intervals until the end of 

the course. In the last year the drill period, one and 

a half hours each day, are devoted to it. The cadets 

have practical instruction, and are required to do 

actual work in pattern-making, smithing, founding, 

casting and work in the machine shop, at all machine 

tools, and undergo a special course with hammer, 

chisel and file at the vise bench; enough pipe-fitting is 

also required to familiarize the cadet with all of the 

different fittings used. In the vise bench work a mod- 

ification of the “Russian” system has been used with 

excellent results. 

In the machine shop a fixed preliminary course is 

pursued by each cadet, consisting in executing to draw- 

ings, parallel and taper turning, cutting single and 

double threads, right and left handed, boring, chasing 

internal threads, finishing and polishing. After com- 

pleting this preliminary course each cadet works on 

the component parts of an engine, one or more of 

which are always in process of construction in the 

machine shop.. A number of vertical compound and 

triple-expansion engines, some of them indicating 100 

horse power, have been built by the cadets and put in 

use in the naval service. 

In the pattern shop, after the necessary preliminary 

course to familiarize himself with the different tools, 

the cadet makes a pattern of some piece of machinery, 

not too complicated. Then, in the foundry, from this 

pattern, he makes the mould and casts the piece and, 

should machining be necessary, finishes it in the ma- 

chine shop. 

In the blacksmith shop the practical work embraces 

welding, iron and steel; making simple forgings, an- 
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nealing, tempering, case hardening, and bending and 

quenching tests of metals. 

In the boiler shop, riveting, soft and hard patching, 

caulking and tube expanding are subjects for practical 

instruction. 

MARINE ENGINEERING. 4 
rine engineering establishments along our eastern 

coast. This cruise lasts three months, from June to 

September, and is most valuable as a means of ac- 

quiring information on practical professional subjects. 

The cadets in charge of an instructor visit the dif- 

CADETS AT WORK—‘SCALING THE WALL’’—INFANTRY DRILL. 

In all cases the cadet is required to work from work- 

ing drawings, and the necessity for accuracy as to 

detail of finished work is thoroughly impressed. 

Under the head of practical instruction comes the 

practice cruise, during which the cadets are embarked 

ferent shops, and see the processes of construction of 

the component parts of modern marine engines and 

boilers, their incorporation into the whole, and the dif- 

ferent stages of the erection of the machinery on board 

ship. They also see shipbuilding processes carried 

CADETS AT PLAY—FUNERAL ORATION, ‘‘BURIAL OF MATH.”’ 

on board a modern naval vessel and visit all of the 

Navy Yards and the principal shipbuilding and ma- 

out, and are thus the better enabled to pursue their 

course in Naval Construction during the final year. 
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Occasion is taken to visit and inspect steel making 

plants near the coast, such as the work at Sparrow’s 

Point, or the Bethlehem Works, at South Bethlehem. 

Establishments engaged in any novel work of special 

interest to the marine engineer, such as the manu- 

facture of corrugated furnace flues, are sure to be 

visited when within available distance of the coast. 

That the cadets see understandingly is insured by 

the requirement to keep a journal in which full de- 

seriptions of everything that is of interest must be 

written up. Sketch books, in which to illustrate novel 

parts of machinery, or special manufacturing pro- 

cesses by means of drawings, are also required. These 

journals and sketch books are carefully inspected by 

the instructor, and any errors that may have been 

made are noted for correction by the cadet. 

The practice cruise is also used aS a means of in- 

struction in the duties which the cadets will have to 

perform on board ship after graduation, both at sea 

and in port. While the practice steamer is making 

passage from port to port they stand regular watch 

with the engineer division, and so perform the dif- 

ferent duties which fall to the enlisted force of the en- 

gineer department of the cruising naval vessel. They 

do a certain amount of firing, stand watch as water- 

tender, oiler, and machinist-in-charge. This gives 

them a valuable amount of experience in the manage- 

ment of boilers, main and auxiliary engines while 

under way, as well as in getting up steam and coming 

to anchor. 

Apropos of this practical instruction is an incident 

of the memorable cruise of the battleship Oregon from 

the Pacific to our eastern coast (a cruise unparalleled 

in naval annals, and which reached its climax in the 

running fight off Santiago, when the fifteen-knot bat- 

tleship overhauled the twenty-knot Italian built 

cruiser), related to the writer by Chief Engineer Mil- 

ligan, U. S. N. He spoke of the enthusiasm of all in 

his department, and of the hearty co-operation alike 

of officers and men; how the firemen just off watch 

would again hasten below at any and every call for in- 

creased speed. Mentioning one of his Assistants, who, 

while at the Academy was one of the best football 

players, and so blessed with an excellent physique, he 

said: “You remember R of course. Several times 

when he was on watch we were trying to make speed, 

and some of the firemen began to play out. He would 

then take shovel, hoe and slice bar, and work the fires 

himself, and by his encouraging example nerve the 

men to renewed efforts.” Although the ability to do 

firemen’s duties may not be an essential part of the 

naval engineer’s professional attainments, the ability 

to do one or many of the numerous jobs on board ship 

requiring mechanical or trained skill is of decided ad- 

vantage, and the constant aim of the instruction at 

the Naval Academy is to have, with reasonable lim- 

itations, the trained hand accompany the educated 

brain: 

After four years of study at the Naval Academy the 

cadets are graduated and sent to sea in cruising ships 

of the navy for a period of two years. During this 

eruise, which by law is a part of the course, they ob- 

tain the necessary practical experience in the man- 

agement and care of the machinery to fit them for. 
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their future duties as Assistant Engineers in the 

navy. Owing to the small number in the grade of As- 

sistant Hngineer the graduate cadets have been, with- 

in a short time after graduation, called on to perform 

-the regular duties usually assigned to Assistant En- 

gineers. The efficient manner in which they have 

performed all of these duties speaks well for the course 

of preparation at the Naval Academy. 

The scope of this article allows only a mere outline 

of the course in the other Academic Departments, 

which include—Mathematics: Algebra, Geometry, 

Descriptive Geometry, Trigonometry, Plane and 

Spherical; Analytical Geometry, Stereographic Pro- 

jections and Solutions of the Astronomical Triangle. 

English: English Grammar, Outline History of the 

World, History of the United States and of the United 

STEAM ENGINEERING. 

eeS os 2S = First Class.— — - 

ee AT HEMATICS. 

ENGLISH. 

LANQUACES. 

PHYSICS. 

MECHANICS. 

DRAWING . 

NAVAL CONSTRUCTION. 

NAVIGATION (ASTRONOMY.) 

HYCIENE. 

MATHEMATICS. 

ENGLISH . 

LANQUAGES. 

MECHANICS. 

ORAWING. 

NAVAL CONSTRUCTION. 

[paeeeeceemerrres ana c 2] 

Pre aonesisanrie sr oc) 

SE 

GEE YS ICS . 

Sa 

SS 

era) 

[ean] NAVIGATION ASTRONOMY.) 

| HYGIENE. 

Fic. B. 

States Navy, Rhetoric, Composition, the Constitution 

of the United States, and International and Military 

and Naval Law. Languages: French and Spanish. 

Physics: Elementary Physics, Chemistry and Qualita- 

tive Analysis, Light and Heat, Electricity and Mag- 

netism, Physical and Electrical Measurements. 

Mechanics: Differential Calculus, Integral Calculus, 

Mechanics, Applied Mechanics, Method of Least 

Squares. Drawing: Mechanical and Descriptive Ge- 

ometry Drawing, Sketching from Models, Making 

Tracings and Blue Prints. In the Department of Phys- 

_ics, the course in Hlectricity is given, which contains 

a large amount of practical work, including the run- 

ning, testing, and management of dynamos. 
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That the educational standard maintained through- 

out is a high one is shown by the high rank taken by 

those graduates who, having been detailed for study 

abroad, have taken courses in Naval Architecture and 

Engineering at the best schools of Great Britain and 

France, where, although thrown into competition with 

men of greater age, they have either led their classes 

or stood well up towards the top. The accompanying 

diagrams, figures A and B, show, relatively for the en- 

tire course, (A) the time devoted to recitation in the 

different departments, and (B) the weights given to 

the multiples for determining the final standing of the 

different cadets at graduation. 

From present indications, before this article appears 

in print, the Navy Personnel Bill will be enacted into 

law, the engineer division of cadets at the Naval 

Academy will be a thing of the past, and in future all 

cadets will have the same course in engineering. What 

the course for the “fighting engineer” of the future is 

to be has not been, perhaps, entirely thought out, but 

that it may be a development on the lines of the pres- 

ent one to meet the new requirements of the naval ser- 

vice is most certainly to be desired. 
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Torpedo-Boat Destroyer Ventilators. 

Our engraving shows the method of making tor- 

pedo-boat ventilators adopted at the Maryland Steel 

Company’s yard at Sparrow’s Point, Md. These venti- 

lators are made of copper, and when finished are 4 ft. 

high, 13 in. dia., with elliptical mouth, 22 in. by 29 in., 

and as they are made from one sheet of copper they 

have only one brazed seam. To the right of the figure 

one of the shapes is shown, and on the truck two com- 

pleted ventilators. The weight and cost of these ven- 

tilators are as follows: 

Weight of plate for ventilator before cutting............ 57.44 Ib. 

Weight of plate after corners are cut...................- 50.90 lb. 

COST OF FIRST DOZEN. 

S7el- 2 Deacoppermatel Oca ecerciceiectehiceccciceeiccisieate $ 9.20 

18.50 Maborsonsonemvyentilavoleererertececerterciriceicit 

(Oheyny HIE) CoocdoooaomencuardoondoododbonceSe doceacosano $27.70 each 

COST OF SECOND DOZEN. 

COE Eke IRA, TSP WO 00000d00d0006000 000000000000 00000 $ 9.20 

ILENE Woy CANS) VCHEAVENHOCS oq000000000000000000000000000 14.66 

Oo (Osh ) Eee Gn cooessaadocnnbccbdocudeoco an SoD Oopobooda $23.86 each 

VENTILATORS MADE IN ONE PIECE—BEFORE AND AFTER. 

The American-Hawaiian Steam Navigation Co. has 

been incorporated under the laws of New Jersey, with 

an authorized capital stock of $750,000, for the de- 

clared purpose of operating a line of steamships be- 

tween the United States and the Hawaiian Islands. 

The incorporators include G. S. Dearborn, W. B. Flint 

and James H. Post, of New York, and O. T. Sewall, of 

San Francisco, Cal. 

By making a ventilator out of one sheet instead of © 

two a saving of metal of 9.33 lb. is effected, which rep- 

resents about $1.50, and the labor saved is about $3.00, 

or a total of $4.50 for each. The ventilator is made out 

of No. 16 B. W. G. sheet. Those illustrated are part 

of the coppersmith’s order at this yard for the U. S. 

torpedo-boat destroyers Truxtun, Whipple and Wor- 

den, now building by the Maryland Steel Company. 



24 \ 

TORPEDO BOAT DESTROYERS FOR SEA SERV- 

ICE, WITH SPECIAL REFERENCE TO PA- 

CIFIC COAST CONDITIONS.* 

BY G. W. DICKIE. 

Important naval events are occurring in such rapid 

succession, modifying opinions that we had main- 

tained as perfectly sound, and forcing others to be 

abandoned that we had considered as firmly estab- 

lished, that any attempt to produce a paper on the 

subject I have been requested to write upon may fail 

to express the opinions of the author when it comes to 

be presented before the Society. In fact, this is the 

third attempt (begun on the first of August) to put in 

presentable shape the conclusions arrived at in regard 

to the chief characteristics required in a design of a 

torpedo boat destroyer that would meet all the condi- 

tions of service on the Pacific coast. 

On the first page of a paper that I have just laid 

aside as not expressing the opinions I now hold, I find 

the following, that expresses the difficulty of present- 

ing this subject: 

“T feel at the present date (April 25, 1898) that I 

am running some risk of losing any little reputation 

that I may now possess by the expression of opinions 

that the stern facts of actual service in war may prove 

to be entirely wrong. Still, I desire, if possible, to 

complete this paper before anything happens that 

would in any way modify the opinions I now hold in 

regard to the utility of the latest developments in the 

construction of the type of vessel known as the tor- 

pedo boat destroyer.” 

More events have taken place since the above was 

written than usually occur in three months of naval 

history. - In fact, these three months have provided 

material enough for naval architects, marine engi- 

neers and ordnance experts to form opinions from for 

years to come. It takes time, however, to form opin- 

ions, and more time to give them anything like prac- 

tical form, and still more time to test the material 

forms into which these opinions finally shape them- 

selves. The opinions expressed in this paper have not 

been entirely formed from the naval events of the 

past three months, although some of them have been 

modified by these events. 

The conditions of service are not altogether those 

that war produce. A seaworthy vessel must possess 

many and varied qualities apart from those belonging 

to the special service in which the vessel is engaged. 

A vessel built with the special object in view of carry- 

ing large cargoes at a low rate of speed and a low rate 

of freight must have, besides the capacity to carry, the 

ability to safely meet the storm conditions of the 

ocean on which she and her cargo are borne. A fast 

passenger steamship, built with the special object in 

view of obtaining the greatest possible speed within 

the paying limits of the service, must still conform to 

the stern requirements that the ocean imposes on all 

those who “go down to the sea in ships and do busi- 

ness in the great waters.” 

A torpedo boat destroyer must possess other quali- 

~* Read at the Sixth General Meeting of the Society of Naval 

Architects and Marine Engineers. For discussion see December, 

1898, issue of Marine Engineering, 

MARINE ENGINEERING. April, 1899. 

ties than those necessary for the destruction of tor- 

pedo boats. In fact, the destroyer must be a sea- 

going vessel, able to remain at sea with the fleet to 

which she is attached or to make independent voy 

ages. 

The torpedo boat is intended, if the writer under- 

stands the purpose for which such craft are designed, 

as a part of harbor or coast defence, to be kept under 

shelter until a chance occurs for her to dart out, under 

cover of night or fog, and attempt to sink a hostile 

vessel or vessels. Her work is, therefore, short and 

sharp, requiring a supreme effort, well directed and of 

short duration. 

The work of the torpedo boat destroyer is to pre- 

vent the torpedo boat attack, and is, therefore, per- 

formed in open water. She must keep the sea with 

the attacking fleet, watching every place of refuge for 

a torpedo boat. She must, therefore, possess speed 

equal to that of the torpedo boat; a battery powerful 

enough to destroy her; seagoing qualities to enable 

her to keep a watch in spite of weather. She should 

be able to cover long distances at a high rate of speed 

and in stormy weather. The fleet to which she is at- 

tached should not be delayed and hampered by guard- 

ing her from harm; she ought, instead, to be able in 

all kinds of weather to act as a scout in advance of 

the fleet, keeping the larger vessels informed as to 

the whereabouts of a possible enemy. Such would be 

an ideal torpedo boat destroyer. 

It cannot be said that the present type of torpedo 

boat destroyer comes near meeting these require: 

ments. Quite a large number of destroyers now meet 

the requirements, in the matter of speed, if required 

for a short time only, in smooth water, and if she is 

in good order; but the one quality of speed has been 

made paramount to all other qualities to such an ex- 

tent that the full speed can only be reached when the 

conditions are such that the seagoing qualities can 

be neglected. 

It is because we think that the most important 

qualities required in a seagoing vessel are deliber- 

ately neglected in the fastest torpedo boat destroyers, 

and which we feel renders such vessels entirely un- 

fitted for service on the Pacific coast, that we have 

mustered courage enough to state, as plainly as we 

can in words, the deliberate opinions we have formed 

on this subject. 
While the conditions of service for such a vessel on 

the Pacific coast are not different in kind from those 

that prevail on the Atlantic seaboard of this country, — 

the adverse conditions are far greater on the Pacific. 

The great distance between harbors on the Pacific 

coast and the almost universal condition, of rough 

water along the coast from Point Conception in the 

south to Cape Flattery on the north, with only one 

place of refuge, renders it necessary that any vessel 

for practical service outside the harbor of San Fran- 

cisco or the smooth water of Puget Sound must 

have good seagoing qualities and be able to remain 

outside in all conditions of weather. 

The qualities necessary for this service are not pos- 

sessed in any degree by the present type of torpedo 

boat destroyer. While they have made voyages of 

considerable length at sea, they have done so usually 
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under the care of a larger vessel. 'They have needed 

extra care, both in watching the weather, taking ad- 

vantage of every shelter that lies in the way, and if 

the destination is reached without mishap, it is some- 

thing to be proud of, as being entirely outside of the 

service for which the vessel is fitted. 

Now, such a vessel in commission on the Pacific 

coast cannot go from San Francisco harbor to any 

other harbor without making an ocean voyage of 

several hundred miles, with a probability of encoun- 

tering rough weather. 

The disastrous results of many late attempts to 

steam or tow light craft to Alaskan waters, most of 

them better able to stand rough water than the fastest 

type of torpedo boat destroyers, show the necessity of 

substantial seagoing vessels for service on this coast. 

The 420-ton destroyers lately ordered by our Gov- 

ernment are a decided improvement in this class of 

vessel, but we do not think they are fitted even yet to 

meet the special conditions of service on the Pacific. 

The annexation of the Hawaiian Islands requires a 

much greater radius of action for such a vessel, and, 

we think, a different treatment. In fact, we maintain 

that if thirty knots or over is aimed at as the supreme 

speed, a sufficiently staunch seagoing vessel cannot 

be produced in the present state of the art. and that 

the present so-called thirty-knot torpedo boat destroy- 

ers have not, in fact, the speed with which they are 

credited as being available when required. 

The supreme efforts required, under expert man- 

agement and with special trial trip crews, to reach 

the contract requirements are seldom or never re- 

peated in the life of the boats. 

If these boats and their machinery were made more 

substantial, so that their full power could be exerted 

at any time and without risk, and the hull stand a 

moderate sea without danger, the thirty knot boat, by 

reason of the extra displacement, would drop to about 

twenty-seven knots; yet we venture to assert that such 

a boat, ordered to reach a point at sea, say 100 miles 

distant, in the shortest possible time, would reach the 

objective point in less time than the regulation thirty 

knot boat that is said to get a horse power in fifty 

pounds weight of machinery. A large proportion of 

naval vessels rated at high speeds, especially those 

over twenty knots, have obtained such speeds under 

conditions that cannot be reproduced when the speed 

is most needed, and a good, reliable, heavy engined, 

sixteen or seventeen knot boat may outstrip them in a 

fight. 

Whatever speed a fighting ship has ought to be pro- 

duced when ordered from the bridge. An Atlantic 

liner would not be considered a success if in ordinary 

weather she could not cross the ocean at very near 

her trial speed, and if the machinery of a naval ship 

were as substantially built she could) do the same if 

necessary as long as her coal held out. Merchant 

ships are now making the longest possible sea voy- 

ages with a steady and continuous production of 

steam greater than that produced per foot of grate in 

naval vessels in three, four, or six hours forced 

draught trials that are said to be so destructive to 

boilers. . 

In the merchant service machinery is built for full 
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power as a normal condition. In the Navy full power 

is only to be resorted to under great necessity, and 

maintained at a terrible risk, hence the difference. 

Returning to the subject proper of this paper, we 

would propose for a torpedo boat destroyer adapted 

for service on the Pacific coast the following general 

characteristics as necessary to meet the conditions of 

the varied service required, the outline drawings ac- 

companying this paper being illustrations of how we 

would embody these qualities in a seagoing vessel: 

Length on normal water line............ 250 ft. 
Hxtreme) width oscias- seme 25 ft 
IDYVOAN FAVRE 6 og 00000 ancc000000000000 15 ft 
Draughtyofiwatersonwtriale--pa-e eee 8 ft. 
Draught of water loaded................ 9 ft. 5 in 
Displacementyonwtrial--peeee eee ee eee 640 tons. 
Total load displacement.................. 800 tons. 
Indicated horse power on trial............ 7,000 tons. 
Speedion: trials. cee echinacea: Coca 25 knots. 
Radius of action, 12 knots................ 3,200 knots. 
Best speed from San Francisco to Hono- 
iblienacoonaandoTo. ooo bo GonGuocdo coudadon 15 knots. 

Best speed from San Francisco to Puget 
Sound Naval Station, or San Diego, 
Good: ‘weathers. acemcacloceioeletcooer 20 knots. 

The weights provided for are as follows: 

Ordnance. catalase niet eo ee eeeeeh lees 36 tons 
Machinery, including water in pipes and boil- 

ers, evaporating plant, tools, spare parts, 
water in water tanks, etc.................... 230 tons. 

Hull, complete, and fittings.................. 300 tons. 
Crew and effects, including portable furniture. 14 tons. 
Coalgatsnormalatrime.eee eee eee eee rere 60 tons. 

Making the normal displacement........ 640 tons. 
Coefficient at 8 feet draught.................. -448 

With bunkers full of coal there would be 160 tons 

added, the full coal capacity being 200 tons. 

As will be observed by the outboard profile (see 

page 25), we have designed this vessel to have a full 

forecastle, extending to the forward fire room, and a 

half poop extending to the engine room. Between the 

poop and forecastle a hammock berthing extends the 

full length. 

The 6 pounder guns, of which there are six, would 

be carried on rail mounts above the hammock berth- 

ing. This arrangement would give very good quar- 

ters, both for officers and crew. : 

Casings around the two smoke pipes are carried up 

high enough to carry the inner ends of the boat skid 

beams. This enables four boats to be carried, while 

the casings furnish room for the galleys on deck. 

We propose to carry two 4 in. rapid fire guns, one 

on the forecastle deck and one on the poop. The con- 

ning tower is of 1 in. nickel steel. 

There is a chart house aft of the conning tower, and 

a bridge above. There is also an after steering house 

on the poop. This covers the stairs to the officers’ 

quarters and carries the searchlight above. This - 

light would be controlled from the forward bridge. 

The machinists would occupy a space at the forward 

end of the poop, entering from the landing leading to 

the engine room, aft of which would be the ward 

room, and officers’ staterooms. The total complement 

of officers and crew would be seventy-five. 

We have, in this vessel, purposely omitted all deck 

torpedo launching tubes, believing that they should 

form no part of the armament of a seagoing torpedo 

boat destroyer; as such a vessel must be prepared to 
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go into action along with the fleet of which it forms a 

part, superior speed would enable her to choose the 

kind of vessel with which she would engage. The 

deck tubes would, in such a case, if there was any in- 

tention to use it, contain a charged torpedo that 

would, in such an exposed position, be a constant 

source of dread to those on board. We have, there- 

fore, arranged for two special submerged torpedo 

tubes in a protected compartment aft of the engine 

room. Owing to the limited width of the vessel, these 

tubes would be designed to open on top instead of at 

the inner end. We believe that there is no mechanical 

difficulty in designing the discharging tube and the 

impeller that carries the torpedo clear of the skin of 

the vessel before release, so as to admit of the torpedo 

being placed in the tube from the top side. 

The sloping sides of the torpedo room would be of 

1 in. nickel steel. We have also provided 1 in. nickel 

steel protection extending the whole length of the 

engine and boiler compartments, so as to give a mod- 

erate amount of protection when the coal bunkers are 

empty. 

We have shown four Thornycroft boilers in our de- 

sign, and four cylinder, triple expansion engines of 

7,000 horse power. We have allowed thirty tons extra 

weight for the machinery above that allowed for the 

same horse power in the usual types of torpedo boat 

destroyer, so as to have a fair margin of safety in all 

main parts of the engines and boilers. 

In this design our aim has been to produce a sea- 

going torpedo boat destroyer that can, go to sea and 

remain at sea without any special risk, and at sea can 

maintain a speed of twenty-five knots for a few hours 

when such speed is required; that can make extended 

voyages, thus serving the purpose of a scout or dis- 

patch boat, whenever or wherever such service is re- 

quired; that carries a battery that makes her a tor- 

pedo boat destroyer in fact. 

This boat would show better speed under regular 

service conditions than any of the so-called thirty 

knot torpedo boat destroyers, and for seaworthiness, 

habitability, or fighting capacity far outranks them. 

The latest addition to the British Navy, the first- 

class battleship Glory, was floated from the building 

dock at Laird’s yard, Birkenhead-on-the-Mersey, Eng- 

land, on Mareh 11. The Glory is of the Canopus class, 

designed by Sir William H. White, director of naval 

construction. Her dimensions are: Length, 390 ft.; 

breadth, 74 ft.; mean draught, about 26 ft. 6 in.; dis- 

placement, 12,900 tons; freeboard forward 22 ft. 6 in., 

aft 19 ft.; indicated horse power, 13,500; speed, about 

18 1-2 knots. The Glory has stowage for 2,000 tons of 

coal. The armor is Harveyized steel. There is a pro- 

tective deck from the lower edge of the armor, cover- 

ing the machinery, magazines and other vital parts. 

She is lighted throughout with electricity, and will be 

equipped with six searchlights. The armament will 

consist of four 12-in. 46-ton guns, mounted in barbettes 

in pairs and firing a projectile weighing 850 lb., with 

a powder charge of 148 lb. There are also forty-three 

rapid-firing guns and four torpedo tubes. She will 

have triple-expansion engines and Belleville boilers. 

_ water. 
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S.S. ATLAS—NEW OIL=-TANK STEAMER FOR 
THE STANDARD OIL CO. 

In the inset supplement with this issue the plans 

for the new steel oil-tank S.S. Atlas for the Standard 

Oil Company are given. This vessel, which was con- 

structed recently at the Roach yard in Chester, Pa., is 

a fine example of the most modern practice in the 

construction of vessels carrying oil in bulk. She is 

a single-deck, schooner-rigged, single-screw steamship 

of the following dimensions: Length, 248 ft.; beam, 

40 ft.; and depth, 22 ft. 6 in. Her gross tonnage is 

1,942 tons, and net tonnage 1,243 tons, and with full 

cargo and coal on board she draws about 19 ft. 6 in. of 

She has a capacity for 720,000 gallons of oil, 

and is designed with large hatches so that, if need be, 

she can carry package freight. Her bunkers will hold 

about 500 tons of coal. 

As shown by the accompanying photograph of the 

‘vessel ready for her trial, she has somewhat the 

appearance of an American coast liner, with a fore- 

castle, bridge house amidships, a house aft, and 

a tall smokestack. She is built of open hearth 

mild steel to conform throughout to Lloyd’s rules 

for oil-carrying vessels. The Atlas is fitted with 

a cellular double bottom, extending from the for- 

ward bulkhead in the bunker to the after bulkhead 

in the engine space, about 60 ft. amidships, and this 

is piped and connected so that it can be used to carry 

fuel oil, and similar provision is made in the forward 

and after peaks. There are ten transverse and one 

longitudinal bulkheads, all very strongly braced by 

vertical and horizontal girder framing to resist the 

pressure of the oil cargo. The frames are spaced 

24 in. throughout. Those fore and aft of the double 

bottom are bulb angles 5 in. by 3 in. by 8-20 in., in one 

piece from center keelson to main stringer plate. The 

frames of bridge and forecastle enclosures are bulb 

angles 5 in. by 2 3-4 in. by 7-20 in. attached to main 

stringer plate by 7-20 in. brackets and angles 3 in. by 

3 in. by 7-20 in. In way of the double bottom Z-bar 

frames are used, 5 in. by 3 1-4 in. by 3 1-4 in. by 8-20 

in., attached to margin plates by 8-20 in. brackets, 

with double angles 3 1-2 in. by 3 1-2 in. by 8-20 in. 

Angle reverse frames 3 1-2 in. by 3 in. by 8-20 in. are 

fitted on every floor, all fore and aft, and run from the 

center kKeelson to the turn of the bilge in one piece, 

and double in the engine space and in way of the 

boiler bearers under the double bottom. The floors 

are 24 in. by 10-20 in. for three-fifths the length amid- 

ships and 9-20 in. and 8-20 in. at the ends, where they 

increase in depth in the usual manner. They are 

attached to the center keelson by gussets and double 

angles. At the ends beyond the cargo spaces they 

extend across in one piece, and all are bent up at the 

bilge. The keel is 36 in. by 15-20 in. for three-fourths 

the length amidships, gradually reduced to 12-20 in. 

at the extreme ends. It is double butt strapped and 

double riveted; with the keelson angles joggled over 

the straps. The center keelson is 60 in. by 9-20 in. 

through the cargo spaces, and 8-20 in. at the ends, 

connected to the flat plate keel by continuous angles 

4 1-2 in. by 4 1-2 in. by 9-20 in.; gradually reduced 

to 8-20 in. at the ends. There are three side keelsons 



28 MARINE ENGINEERING. 

on each side of the center keelson, intercostal, of 8-20 

in. plate with double angles 5 in. by 3 1-2 in. by 8-20 

in. on the upper edge riveted to the reverse frames 

and doubling clips and bracketed at the bulkheads to 

compensate for being cut there. 

at the bottom is 10-20 in. for one-half length amid- 

ships and gradually reduced to 9-20 in. at the ends; 

the side plating is the same amidships and 8-20 in. 

at the ends. The bow plates at the load line are 

doubled for about 40 ft. aft of the stem, to resist ice 

pressure in winter. The sheer strake is 12-20 in., 

reduced to 9-20 in. at the extreme ends. The hold 

beams, in one tier, are 9 in. by 8 in. by 21 1-2 in. 

channel section in the oil compartments, and 9 in. by 

3 in. by 9-20 in. bulb angles beyond, supported by 

stanchions. 

and aft, with edge seams double-riveted and butts 

treble-riveted. The stem is 9 in. by 2 1-2 in. ham- 

mered scrap, and the stern frame is a steel casting 

9 in. by 5 in. 

The bridge house enclosure amidships is built of 

steel about 60 ft. long and is 7 ft. 6 in. high. For- 

ward and aft of the cargo tanks at each end 

there is a pump room, with a trunk passage run- 

ning to the upper deck, the whole made gas tight. 

Coal storage is provided for in one cross bunker ex- 

tending from the double bottom to the main deck, and 

two side bunkers in the boiler room, as shown in the 

drawings. The accommodations for Captain and crew 

are provided in the bridge erftlosure and bridge deck 

house. The Captain’s room is located in a steel house 

on top of the forward bridge deck; the mates’ 

rooms on the starboard side of the bridge house. The 

Captain’s room is finished in stamped iron sheeting 

insulated from the body of the house with mineral 

wool. It is ceiled in hardwood and fitted with berth 

and chest of drawers, large desk, plate mirror and 

leather couch, and closet. The mates’ rooms are simi- 

larly fitted, though in plainer style. The pilot house 

is of steel, finished in hardwood and containing all 

necessary lockers, chart table, drawers, and all instru- 

ments and modern appliances for navigation, includ- 

ing engine telegraphs. In the bridge enclosure the 

dining room is located on the starboard side forward, 

is finished in stamped iron sheeting, and has accom- 

modation for ten at table. The crew’s mess room on 

the port side is fitted with tables and stools for twelve. 

In this enclosure, as shown on the plan, the well- 

equipped galley is fitted in the forward end with pas- 

sages on either side. Here also are various toilet 

rooms and lavatories, sailors’ quarters for six, fire- 

men’s quarters for the same number, and oilers’ quar- 

ters for four, fitted with iron berths and enameled 

washstands. The Chief Engineer’s room is on the 

starboard side at the after end of the bridge, with 

door opening into the passage opposite a door in the 

engine trunk, so that he can go to and from the en- 

gine room without delay or exposure in bad weather. 

’ Adjoining is the room of the first and second en- 

gineers, with hardwood finishings and modern berths 

and toilet fittings. Between the funnel and engine 

trunk amidships the donkey boiler is located, with 

coal bin adjacent on the port side. The bridge en- 

closure also contains ice, refrigerating and store 

The shell plating ~ 

The steel deck plating is 6-20 in. all fore- 

April, 1899. 

rooms, and in fact all the living quarters and con- 

veniences are concentrated in it, the officers being on 

one side and the crew on the other. At the after end 

of the bridge enclosure the steering engine is fitted 

in a steel annex, and it can be operated from the deck 

overhead, where an additional steering wheel is fitted, 

as well as from the pilot house; the former to be used 

should the shafting or gear of the latter give way. 

In the forecastle there is a steam windlass fitted for 

1 11-16 in. chain, with capstan on top of the deck. 

Aft there is also a steam capstan, and in the house 

aft there is a steam towing engine, fitted for 2-in. steel 

hawser. 

The propelling machinery consists of a triple-ex- 

pansion engine, of about 1,400 I. H. P., with cylinders 

21 in., 34 in. and 56 in. dia. and 40 in. stroke of the 

usual inverted type, with condenser forming part of 

the back frames. This has a cooling surface of 2,400 

sq. ft. The back frames are cast iron, and the front 

wrought iron, flanged and turned. The crank shaft is 

built up of fluid compressed steel, and is 11 in. dia. 

The propeller is four-bladed, of cast iron, and is 11 ft. 

6 in. dia. The main boilers are two in number, of the 

three-furnace single-ended Scotch type, 14 ft. 6 in. dia. 

and 12 ft. 9 in. long, fitted with Morison suspension 

furnaces of the interchangeable type, with 160 sq. ft. 

of grate surface, and built for a working pressure of 

170 lb. per square inch. A Bloomsburg circulator 

with attachment from donkey boiler and feed pipes 

is fitted to each boiler. The donkey boiler is also of 

the fire-tube type, 6 ft. 6 in. dia. and 9 ft. long, and 

built to withstand a working pressure of 170 lb. per 

square inch. The auxiliaries include an independent 

vertical air pump, a circulating pump with bilge con- 

nections, also a Korting injector, ash ejector, feed 

pump, sanitary pump, fire pump, evaporator and feed 

heater. 

A very complete piping system connects the various 

oil-carrying compartments with the pump rooms fore 

and aft already referred to, and in these rooms power- 

ful duplex pumps are fitted for handling the cargo, 

with connections to all the oil tanks, sea valves and 

manifolds. The pumps are of such capacity as to dis- 

charge the entire cargo in about six hours. The cargo 

mains are 10 in. dia., one on each side, running the 

length of the ship forward and aft. In each oil-carry- 

ing compartment there is a 10-in. valve and also two 

2 1-2-in. bell-mouth suction connections, with the 

main fitted with independent valves. The forward 

pump is connected only with the forward tanks, and 

the after pump with the after tanks; both are pro- 

vided with sea suctions. The discharge pipes and 

connections of both pumps are run into one common 

discharge main, with connections, and are also ar- 

ranged with the necessary connections for loading. 

There is also, in addition, an independent loading pipe 

with valve 6 in. dia. in each compartment, which will 

be used should the system connected to the pumps get 

out of order. The valves used are of special make, 

tested for oil at a pressure of 400 lb. per square inch, 

and designed especially to withstand the action of 

naphtha and salt water. All the valve rods run to the ~ 

upper deck, where bridges and hand wheels are fitted 

for operating them. Expansion hatches are fitted on 
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the main deck over each oil tank, about 3 ft. high, 

which are filled to about half height, allowing the oil 

‘Vd ‘IULSHHO ‘CUVA HOVOU LV ‘ON TIO GUVGNVLIS YOM LING ATINGOAY ‘SVILV YANVALS HYNVI TIO 

Sie 

to expand or contract with the varying temperature 

to which it may be exposed during a voyage. 

Hoisting engines are fitted at the forward and after 

eargo hatches. A well space is fitted forward and aft 

of the machinery space, to separate the same from the 

oil compartments, and over each well two trunks are 
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fitted. These are 2 ft. dia. and 1 1-2 ft. high, fitted 

with cast-iron-hinged covers with rubber joints and 

clamps. Water tank capacity for 5,000 gallons is pro- 

vided. 

The masts are steel, 28 in. dia. at the foot and 90 ft. 

above the top of the expansion trunks, and are fitted 

with cargo booms and all necessary gear. The blocks 

are of the five-roller pattern made by the Boston & 

Lockport Block Co. Two bower anchors of the Baldt 

stockless pattern, each 3,600 lb. weight, are carried; 

also a stream anchor of 800 lb., and one kedge of 

400 lb. The chains include 210 fathoms of 1 11-16 in. 

stud chain cable, 75 fathoms of 1 1-16 in. close-link 

stream chain, all tested to Lloyd’s requirements. In 

addition, 200 fathoms of 2-in. steel hawser for tow- 

ing are supplied. Above the bridge deck in dayvits 

three boats are carried. Of these two are metallic 

life boats and the other a 15-ft. Captain’s gig, and 

there is in addition a life raft in accordance with the 

U. S. Inspection laws. Side lights are carried on the 

forecastle in steel towers, and on top of the pilot 

house a powerful searchlight is fitted. she ship is 

lighted throughout by electricity, the direct-connected 

set having a capacity of 150 lights. 

The Atlas has made two trips to Boston and one to 

Jacksonville, Fla. Her speed at sea is about 11 1-2 

knots, and when towing barge No. 81, containing 

900,000 gallons of oil, the speed is about 10 1-4 knots. 

She is now to take crude oil from Philadelphia to the 

oil refineries at Tampico, Mexico. 

This modern tank steamer was designed by and 

constructed under the supervision of John Haug, 

Lloyd’s representative in Philadelphia, Pa. 

Another long steaming record has been made by the 

U.S. S. Oregon, which arrived out at Manila March 18, 

after steaming in round numbers 20,000 nautical miles, 

or a mileage equivalent to four-fifths of the distance 

round the world. The actual runs made by the Oregon 

on this trip are as follows: 

Naut. Miles. 
New svork tow Bahiaycnecsowreeberrcriecetechter 4,100 
iBahaimtom Montevideo eeeeeeeer eee cenieeerirenies 1,717 
Montevideo to Sandy Point.................. 
Sandy Point to Valparaiso..... 
Valparaiso to Callao.. 
Callao to Honolulu... o0 
LENO WH) We S oo co ndbodoon0cn0bo0000000G00000000 5,000 

New York to Manila 20,010 

It is interesting to note that the Oregon, classed a 

coast-line battleship, completed this journey and ar- 

rived in fit condition to go straight into action, while 

the Iowa, a battleship with more freeboard, which 

also started from New York for Manila, was obliged 

to put into San Francisco for repairs, where she now 

is. This is the second grand performance of the Ore- 

gon, the first having been the famous voyage from the 

Pacific to the Atlantic coast during the Spanish war 

period, an account of which is published elsewhere in- 

this issue. 

A mishap on board the first-class British cruiser 

Terrible, 14,200 tons, was reported last month by ca- 

ble. An explosion in the stockhold was said to have 

killed one man and seriously wounded several others. 

The Terrible is fitted with water-tube boilers of the 

Belleville type. 
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Sir Thomas Lipton’s S. Y. Erin. 

A glimpse of the magnificent steel yacht Erin now 

owned by Sir Thomas Lipton, the America’s ©up chal- 

lenger, is shown in the reproduction of a snap shot of 

the vessel taken recently in Kingstown harbor. This 

ocean-going vessel was built in 1897 by Scott & Co., of 

Greenock, Scotland, to the order of a wealthy Italian, 

Count Ignazio Florio, of Palermo, and originally 

christened the Aegusa. Her dimensions are: Length, 

264 ft.; beam, 31 ft. 6 in.; depth, 20 ft. 6 in. Her ton- 

nage is 1,230 tons Thames yacht measurement, and 

she is fitted with triple-expansion engines of 2,500 

horse power and has a sea speed of 16.25 knots. She 

was purchased recently by Sir Thomas Lipton and 

renamed the Erin. Her present owner intends to 

take her to New York when he comes over to race the 

Shamrock—now being built by Thornycroft. The Hrin 

will-be fitted out for this voyage at Cowes. It will be 

remembered that shortly before the Spanish war, 

when the U. S. naval representatives in Europe were 

looking around for war and auxiliary vessels, the 

Aegusa was favorably considered, but for some rea- 

sons the negotiations were not completed before war 

was declared. 

According to telegraphic reports, Sir Thomas Lipton 

will not attempt to sail the Shamrock across the At- 

lantic under her own rig, but will take her across in 

tow of his S. Y. Erin. 

As figured out in Congressional Committee, the cost 

of the war with Spain amounted to $482,562,083. 

Captain Frank Wildes, who was in command of the 

U. S. S. Boston during the fight on May 1 in Manila 

Bay, has returned home, his three years’ service hay- 

ing expired, and he is now stopping in New York. He 

is the first of the fighting captains of Admiral Dewey’s 

command to reach home. 

Under the provisions of the new naval Personnel act 

an examination will be held, at some date not yet set, 

to fill the rank of Warrant Machinist in the Navy. 

There are 100 appointments to be made by competi- 

tive examination. The 400 machinists now serving 

in the Navy will, undoubtedly, first be given the op- 

portunity for promotion; but should a sufficient num- 

ber not be secured thus, then appointments will be 

made from civil life. Already a number of applica- 

tions have been filed at Washington. 
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CONSIDERATION OF THE INDICATOR AND ITS 
USES ON BOARD SHIP—III.* 

BY R. W. JACK. 

Referring now to Fig. 9, it will be evident that the 

mean velocity of piston per degree of the crank arm’s 

movement is equal to the difference of the versed 

sines of the angles of crank and connecting-rod with 

the line of centers. The line of centers is taken to 

mean the line connecting the center of shaft with the 

center of crosshead. The difference of the mean ve- 

locities gives the acceleration or retardation of the 

motion. To take a simple example, let us suppose 

that the piston travels at 1 in. during the first second 

under the action of a uniform force. At the end of 

the first second it has acquired a velocity of 2 in. per 

second, i. e., the velocity at the end of any unit of 

time is equal to twice the mean velocity or distance 

traveled per such unit. Starting from rest, we thus 

have an acceleration or difference of velocities at the 

am 

Fic. 9. 

beginning and end of any interval of time of twice 

the mean velocity or space fallen through. At the 

end of the second the piston has acquired a velocity 

of 4 in. per second, at the end of the third second 6 in. 

per second, and so on, the velocity increasing directly 

as the time. The total distances fallen from rest at 

the end of each second are, respectively, 1 in., 4 in., 

9 in., 16 in., etc., varying as the square of the times, 

and therefore the distances fallen during each con- 

secutive second, which we take as the mean velocities, 

are 1 in. (4 — 1), (9 — 4), (146 — 9) = 1 in., 3 in, 

5 in., 7 in., etc., showing an increase in the mean 

velocities, or acceleration, equal to 2 in. per second. 

It is the same with the piston of an engine con- 

trolled by a crank and a connecting-rod, with this 

difference, that the acceleration and therefore the 

force required is not constant, but decreases until the 

piston attains its maximum yelocity, that is, until the 

crank arm forms a right angle with the connecting- 

rod. This occurs at an angle of 76 deg. with the line 

of centers when the ratio of crank and connecting-rod 

is 1:4. At this point on the down stroke the resist- 

ance of the piston due to the acceleration of the re- 

ciprocating weights, imperceptibly changes to a posi- 

tive force in the opposite direction in consequence of 

*From a paper read before the Institution of Engineers and 

Shipbuilders at Hong Kong. 
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the retardation by the crank of the maximum velocity. 

If the connecting-rod were of an infinite length, or if 

‘tthe motion of the piston were communicated by an 

arrangement such as a slotted donkey crosshead, then 

the direction of the pressure on the crank pin would 

always be parallel to the line of motion of the piston, 

and the velocity of the piston in relation to the uni- 

form velocity of the crank pin would increase from 

zero at the beginning of the stroke to a maximum 

at 90 deg., at which instant the velocity of the piston 

and crank pin are always the same. The velocity of 

the piston therefore varies as the sine of the angle of 

crank arm with line of centers. To find the force 

which in this case would be necessary to impart the 

initial acceleration to the piston, we will take a simple 

example, and find the force which would be required 

with a piston of unit weight (1 lb.), with a crank of 

unit length (1 ft.), moving at unit speed (1 revolution 

per minute). The distance that the piston would 

move from the dead point during the first degree of 

the crank’s revolution is so small that we may sup- 

pose its motion to be uniformly accelerated without 

sensible error. So minute is this distance that it may 

be most conveniently taken from a table of natural 

sines, etc., instead of attempting its measurement by 

the graphic method. It will be found that the versed 

sine of an angle of 1 deg., when the radius is taken as 

unity, is .0001523, i. e., the piston has traveled this 

decimal of a foot during the first degree, and the time 

occupied at the rate of 1 revolution or 360 deg. per min- 

ute is therefore ;1,th of 1 minute or 1-6 of 1 second. 
How does the force under which it moves compare 

with that which would be imparted to it by gravity, or 

its own weight? To answer this we must compare 

the distances fallen in the same time. A body falling 

freely from rest under the attractive force of the earth 

alone falls 16 ft. (approximately) during the first sec- 

ond. What distance, then, does it fall during the first 

one-sixth of a second? 

TE EGD YE 6S 108} 8 8:<5 6% oc = (IB NK NK A) he aa 

The forces vary directly as the distance fallen dur- 

ing the same interval of time, 

.0001523 
2 = — 7, ~ —.000841 Ib. (approximately), 

37 
i. e., the force required to overcome the inertia of pis- 

ton, etc., weighing 1 lb., when the crank is 1 ft. long 

and describes 1 revolution per minute, is equal to 

000341 lb. We are now enabled to construct a for- 

mula which shall embrace the varying conditions of 

weight, speed and length of crank. Considering only 

the first degree of the crank’s motion, we may con- 

ceive it as acting under a uniform force, and it there- 

fore follows that the distance fallen through by the 

piston varies with the length of the crank and as the 

square of the time. Since the rotational motion of the 

crank is also uniform, time may be replaced by its 

equivalent in revolutions of the crank, and thus, in- 

stead of the distance fallen varying as #7, we may 

write it varying as N?, because N a ¢ when the speed 

is constant. If, then, F be taken to represent the force 

required to start the piston, etc. (W), from rest, with 

a crank Z feet in length and making N revolutions 

per minute, then 

F = .000341 W L N? 
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and if A — the area of piston and P = the pressure 

per square inch, then 

rf 2 p— 000341 i IN 

Let us now apply this rule in a simple example. 

Suppose the piston and its appendages weighs 1,000 

lb., length of stroke 2 ft., or length of crank 1 ft., mak- 

ing i100 revolutions per minute, and the area of piston 

being 300 sq. in. What is the pressure per square inch 

necessary to impart to the piston its initial velocity? 

.000841 WL Nz .000841 « 1,000 « 1 & 100 « 100 

Poot =e 800 

= 11.36 Ib. 

It would therefore become necessary in dealing with 

an indicator card taken from such an example under 

the conditions of a connecting-rod of infinite length, 

to deduct from the initial effective pressure 11.36 lb. 

in order to represent the pressiire transmitted to the 

crank pin. ; 

To ascertain the modification which this result must 

undergo in order that it may conform to the practical 

considerations of a connecting-rod of the usual ratio 

of crank, we have only to compare the distances that 

the piston has moved from rest during the first degree 

of the crank’s motion. It has already been stated that 

with a crank 1 ft. in length, and with a connecting-rod 

of infinite length, the distance moved by the piston is 

.0001523 ft. With a connecting-rod whose ratio to 

erank is as 4: 1, the distance becomes .0001904; when 

the length of connecting-rod is to crank as 5: 1, the 

distance is .0001827. The forces required vary as 

the distances traveled in the same time, so that under 

the conditions of a connecting-rod four times the 

length of crank, instead of 11.36 lb. per square inch, 

we have, representing the initial force, 

.0001904 

.0001523 

Now, in order to convert an ordinary indicator dia- 

gram from a measure of work to a diagram of stresses 

on the crank pin, not only the distance traveled from 

rest by the piston is necessary, but also the relative 

velocities or accelerations occurring at each interval 

of the stroke. Stated mathematically, if x be the 

angle of the crank; y the angle of the connecting-rod, 

n the number of cranks in the connecting-rod, and d 

the total distance traveled by the piston from the top 

end of stroke in the first quadrant (an engine of the 

marine inverted type being observed throughout) then 

d= vers © + (1 vers y). 

In the second quadrant or half-stroke of the crank 

the distance measured from the bottom end is: 

d, = vers © — (n vers y). 

If those distances be calculated for every degree of 

the crank’s revolution, we are in possession of every- 

thing necessary to the object in view. The difference 

of the distances for each degree will give the mean 

velocity during that interval and the difference of the 

mean velocities which takes place within any two con- 

secutive equal intervals is the acceleration acquired. 

It is to this result we must direct our attention, for 

remembering that a force varies directly as the accel- 

erations produced, we are in a position to obtain the 

corresponding forces for any given position of the 

11.386 « = 11.36 « 14— 14.2 Ib. per sq. in. 
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crank. The force required to impart the initial veloc- 

ity to the piston has been found by comparing the 

distance traversed by the piston during the first de- 

gree of the down stroke, with the distance it would 

fall under a force equal to its own weight. It will be 

sufficient for our purpose, however, to find four points 

on the curye, viz., the initial force required at each 

end of the stroke, that point in the stroke where the 

piston attains its greatest velocity, and a point on 

either side. We will therefore take an example from 

actual practice, and find those points which shall en- 

able us to convert an ordinary indicator card from 

one of pressures on the piston to one of actual pres- 

sures on the crank pin. 

The diagram shown in Fig. 10 is taken from an en- 

gine, the diameter of whose cylinder is 17 in., length 

of stroke 2 ft., and the weight of piston, rods, etc., is 

approximately 1,200 lb., the revolutions being taken at 

130 per minute. The ratio of connecting rod to crank 

Botton 

- =P 
Mid Position l<855S9-ft>| ~ N BD of Lsroft ie 
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is 4:1. To find the first point, that is the initial 

force required to set the mass in motion from the top 

end, we will use the formula previously given and 

modify the result to compensate the error due to the 

angularity of the connecting rod. Let the symbols be 

taken as before, then 

A We SS SS TS 
= 30.5 lb. per square inch. 

To estimate the real pressure we must, as before, 

SMIOOUEAVE: i.e., approximately 1 1-4 
-0001523” ° 

then, 30.5 x 1 1-4 = 38.1 lb. per square inch to be 

subtracted from the initial effective pressure on the 

piston. To find the retarding pressure at the lower 

extremity of the down stroke, we will again compare 

the distances traveled by the piston during the last 

degree of the stroke, and we find that during this in- 

terval the piston travels only .0001142, i. e., vers 7 — 

(4 vers y). If the connecting-rod were:of infinite 

length, then the acceleration would simply depend on 

the difference of the differences of the versed sine of 

crank arm with the line of centers, because the angle 

of the connecting rod would be infinitely small and 

might be disregarded. Opposite positions of the crank 

would therefore have the same value, and the accele- 

ration would not only be equal to the retardation, but 

would correspond at every point equidistant from the 

dead points or ends of the stroke. We see, then, that 

the distances traversed by the piston during the last 

degree toward the dead point on the bottom is with a 

connecting rod of the usual proportions less than that 

multiply this result by 
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which is due to a connecting rod of infinite length. 

Again, the forces necessary are directly in proportion, 

thus, 

-0001523 : .0001142 : : 30.5: a, 

therefore the force which is given out on the crank 

pin by the retardation of the piston is in this case 

-0001142 

0001523 
square inch. 

To find that point on the curve at which acceleration 

of the piston changes to retardation, that is when the 

piston has attained its greatest velocity, it will be un- 

derstood that this will also be a point on the back 

pressure line of the diagram since it affects neither 

acceleration nor retardation. This point is therefore 

at a distance from the beginning of the stroke corre- 

sponding with the position of the piston when the con- 

necting rod makes a tangent to the crank pin circle. 

Fig. 11 represents the actual positions—E F is the 

\ 

IP == BY SK 30.5  .749 = 22.875 lb. per 

E 
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crank pin circle, A B is the total distance from cenver 

of shaft to center of crosshead (equal to length of 

crank A F + length of connecting rod F B). Then the 

angle A HE C being a right angle, 

AL (OP = J9 ©F 6 A BP oo, A CO =a ‘EC@?22A EB in the 

present case— 

AC= VA + 977/17 = 4.128. 
The distance C B is therefore equal to (A F + FB) — 

AC= (1+ 4) — 4.123 = .877 ft. or 10.524 in., i. e., the 

piston is (12 — 10.524) 1.476 in. from the center of its 

stroke, and this becomes another point on the inertia 

curve of the diagram. 

The Oceanic Steamship Co. is reported to be nego- 

tiating with the Cramps for the construction of two 

6,000-ton 17-knot steamships to be added to their trans- 

pacific fleet. 

As showing the severity of weather on the Atlantic 

this year, a recent trip of the Cunarder Lucania may 

be cited. She ran just 121 knots in twenty-four hours 

on a westward trip in February, which lasted altogeth- 

er eight days. 

The auxiliary gunboat Gloucester, formerly the S. Y. 

Corsair, which was chiefly responsible for the de- 

struction of the Spanish destroyers Furor and Terror 

at Santiago, is now in service at the Naval Academy 

for target practice drills. 
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IMPROVED APPARATUS. 

Yale Marine Gas Engine. 

Our illustration shows a Yale improved two-cycle 

marine gas engine which, the makers assert, contains 

many points of superiority over engines previously 

built on this system. The design is neat and simple 

and complete: the bed-plate is light, though very 

strong, and it carries the reversing gear, universal 

joint and ball-bearing thrust collars. The latter are 

arranged to bear on gimbal rings, so that any slight 

change in the alignment of the engine or stern bear- 

ing is compensated for without cramping the shaft, 

a point of real importance. The circulating water 

overflows into the exhaust, and, in connection with an 

improved muffler, eliminates the objectionable features 

of noise and smell. The fuel tank, in all cases, is put 

low down in the boat, and a circulating pump is ar- 

ranged to keep a constant supply in a receptacle lo- 

cated between the two controlling valves shown on the 

stand-pipe. The air is drawn into the base through 

a patent rotary valve which opens and closes the suc- 

tion and transfer ports with absolute certainty and no 

back pressure. The fuel is forced up from this recep- 

tacle by atmospheric pressure and instantly flashed 

into gas at each stroke of the piston. Under this sys- 

tem it is impossible to flood the engine. When kero- 

sene oil is used (which can be readily done), substan- 

tially the same system is adopted, except that the fuel 

is drawn through a special vaporizer. By feeding a 

proper amount of lubricating oil in with the air sup- 

ply, all difficulties of lubrication of the crank and bear- 

In the two-cycle engine a power ings are overcome. 

USS SSUES SOE RS UES be SEO SUAS 

YALE MARINE GAS ENGINE. 

impulse is secured at every complete revolution of the 

engine. The charge is first drawn into the base and 

there slightly compressed, then it is transferred to 

the top of the cylinder, where it is further compressed 

on the following up-stroke, a new charge being drawn 
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into the base of the engine at the same time. At the 

height of the compression, as the piston goes over the 

top center, a spark is produced by suitable batteries 

and coils igniting the charge and causing the result- 

ant expansion from which the power is derived. This 

system presents advantages for marine work; the 

explosions are somewhat lighter than in the four-cycle 

engine, and there being double as many for a single 

cylinder less vibration is occasioned, thus permitting 

a lighter fly wheel and the running of a single-cylinder 

engine at low speeds. As the throws of the crank in 

this engine are balanced, the makers claim that it is 

the smoothest-running marine engine of this type on 

the market. The engines are manufactured by The 

Denison Electric Engineering Co., New Haven, Conn., 

in sizes from 1 H. P. to 45 H. P. The company also 

makes a specialty of direct-coupled outfits for yacht 

and ship lighting, to use kerosene oil if required. 

Eclipse Stop Safety Valve. 

A broken steam main is a mishap which is, per- 

haps, more dreaded by the engineering staff of a ves- 

sel than any other mishap which might ordinarily 

occur. To prevent disastrous results from an acci- 

dent of this sort the Eclipse Stop and Safety Valve 

has been designed. It is intended to automatically 

shut off the steam in case of any break in the main 

or branches. The valve is placed-on the steam line 

as near the boiler as practicable—the main is indi- 

cated by D and C in the engraving. Connection is 

made by the small pipe A with the steam drum, or 

dome, or top of the boiler, and the pipe B taps the 

steam main beyond the valve in the direction of the 

engine. To put the valve into operation it is neces- 
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of pressure coming from the boiler through pipe A 

over the piston would cause it to descend sharply and 

so close the valve. When equilibrium was restored 

in the cylinder # the main valve could be opened 

again by pulling down on lever H. This valve is 

manufactured and kept in stock in sizes ranging from 

1 in. to 12 in. by The John Davis Co., 79 Michigan 

Ave., Chicago, Ill. 

Chance Launching Cableway. 

The want of some better means of launching surf 

boats than directly from the sand has been felt for 

many years, and various apparatus for launching has 

been brought out, but generally with very poor suc- 

cess in service. The devices are usually too clumsy to 

be easily moved from place to place, yet not suffi- 

ciently stable for location permanently in a good situ- 

ation, and are frequently as dangerous to handle as 

the boat itself. The aparatus here shown consists of 

two towers A and B, a steel cable C, and boat-launch- 

ing device D. The launching cableway consists of 

two towers, a shore tower, placed at about high-water 

mark, and a sea tower placed at a distance of about 

400 ft. off. This distance, of course, may be varied to 

suit the depth of water and topography of the shore 

line. Other towers may also extend farther out. 

There is a steel cable between the towers, passing 

over sheaves at each end, and at the shore end there 

is an arrangement consisting of springs and pulleys 

to take up the jar and stretch of cable. The launching 

device or the surf-boat carrier is hung on trolley 

wheels, shown in the drawing, the wheels revolving 

on axles bearing in suitable boxes. The boat is hoist- 

ed to place by pulley blocks, and after having been so 

hoisted, the ropes of the hoising blocks are made fast 

Sec 

ECLIPSE STOP SAFETY VALVE. 

sary to open the cocks C and H and pull down the 

lever H, until the main valve is wide open. Should 

a break occur in the main at any point between this 

valve and the engine the steam pressure under the 

piston in the cylinder F would drop, and the excess 

and drop ropes D, D, attached. These ropes have re- 

leasing arrangements so that the boat can be dropped 

slowly or instantaneously by one man. The hoisting 

ropes are put away after hoisting on the platform D.. 

Pullback rope EZ is for the purpose of pulling back the 
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carriage after launching. The towers would be made 

of Bessemer steel throughout, and the cable of the 

“patent locked wire”. pattern, with an ultimate tensile 

The main tower is planned to strength of 157 tons. ‘from 1 in. to 4 in. dia. 
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is built on the same general plan as smaller machines 

manufactured by the company, but has important 

modifications. The new machine will thread pipe 

It uses the regular Armstrong 

CHANCE LAUNCHING CABLEWAY IN OPERATION. 

be 50 ft. high, the sea tower 24 ft. high, the span of 

eable 400 ft., the drop of rope from one tower to the 

The piling 

The concrete and rock 

other 32 ft., the cable 2 in. in diameter. 

and timbers are 12 in. square. 

CHANCE CABLEWAY—SHORE END. 

shown act as counterbalances. In operating the de- 

vice the boat is hauled beneath the shore end of the 

cable, and hoisted to place by the sheave blocks and 

falls as shown in the drawing, marked D, D,. After 

hoisting to the level of the drum the fall ropes are 

made fast to clevis on blocks by two men, and the 

ends of ropes put on the platform D,. The release 

ropes D, D, are then attached, the brake D;, shown, 

being set. The remainder of the crew enters the boat 

after it has been hoisted to place and ready for re- 

lease. The last man to enter the boat releases the 

pullback rope; the brake is then released and the 

boat runs by gravity to within about 50 ft. of the sea 

tower. The release ropes are then let go, releasing 

gradually or rapidly, and the boat drops to the water. 

The carriage D is pulled back to shore tower by the 

pullback rope. This device is the invention of G. W. 

Chance, C. E., Drexel Building, Philadelphia, Pa. 

Armstrong Pipe Threading Machine. 

A new machine, which has just been placed on the 

market by the Armstrong Mfg. Co., of Bridgeport, 

Conn., is shown in the accompanying illustration. It 

stock dies, which are put into the machine and ad- 

justed in the same manner as the hand stock. The 

dies can be opened after cutting the thread, and when 

the pipe is removed can be locked back to the stand- 

oF 
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CHANCE CABLEWAY—OFF-SHORE END. 

ard size without resetting. This is accomplished by 

an automatic locking device, which is operated by 

pulling a lever. This lever is shown at the left of the 

illustration. The dies, however, can be adjusted to 

variations of fittings the same as in the stock. All 

gears and moving parts of the machine run in oil, be- 

ing enclosed in a chamber which covers them from 

chips and dust. The die head has no teeth on the part 

where it fits into the shell and forms a bearing, in 

this way preserving its bearing surfaces and making it 

imposible to get loose. In addition to this bearing be- 

ing preserved by not revolving on top of the gear 

teeth, there is an inner journal of large diameter, 

thereby still increasing the wearing surface and pre- 

venting the die head from becoming loose. A power- 

ful self-centering disk is used with this machine, and 

will hold the pipe, being threaded, with a light pres- 

sure of the lever. The construction of the machine ad- 
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, ARMSTRONG THREADING MACHINE. 

mits of its being fastened to a bench or placed in an 

iron stand, which is furnished when desired. The ma- 

chine here shown is designated as No. 00, and has a 

cutting off attachment for cutting pipes the same as 

the Armstrong Co.’s larger machines. The total weight 

of the new machine, without the stand, is 370 lb. 
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Pipe, Threading¢and Cutting [Machine. 

The accompanying illustration shows the back 

view of a pipe threading and cutting machine espe- 

cially adapted for use in marine and ship building 

plants, manufactured by D. Saunders’ Sons, of Yonk- 

ers, New York. The machine is designed to thread 

and cut off pipe from one and a quarter to eight inches 

in diameter. The belting and gearing are arranged 

so as to obtain suitable power and speed for these 

various sizes of pipe, and so proportioned as to give a 

nearly uniform surface speed for each size. The use 

of large pulleys and tight belting is avoided. Varia- 

tions of speed are obtained by cone pulleys as well 

as by gearing which is changed by the movement of 

a lever. No loose gears are used. Short pieces of 

pipe can be threaded without the use of a nipple 

chuck. After the pipe has been threaded the die 

head may be pushed to one side, allowing ample room 

for the pipe to pass through the cutting head without 

passing through the die head. By this arrangement 

pipe is alternately threaded and cut off without re- 

moving the die head from the machine. The steel 

jaws of the machine are adjustable to compensate for 

wear. An automatic oil pump, shown in the illustra- 

tion, is attached to each machine. These machines 

complete weigh about 5,000 Ib. each. 

SAUNDERS’ PIPE THREADING MACHINE. 
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ae a spirit of compromise Congress passed the 

Naval Appropriation Bill before adjournment 

last month, and for this reason the expected naval 

shipbuilding programme will not be immediately 

carried out. The bill as passed provides for the 

construction of three first-class battleships, three 

first-class armored cruisers, and three protected 

cruisers, and fixed the maximum price of armor at 
three hundred dollars a ton, with the further clause 

that none of the armored vessels shall be built until 

the armor is provided for. The number of ships 

is three less than the number recommended by the 

Navy Department, the difference being in the 

cruiser class. By fixing the price of armor at such 

a low figure, and adding the restriction of letting 

contracts only after the armor has been provided 

for, Congress has practically prevented the imme- 

diate construction of the new armored vessels. The 
armor dispute is one which has raged now for a 

long period without any satisfactory solution. It 

ought to be within the power of Congress to find out 

what is a fair price to pay for armor plate, and then, 

knowing this, to act intelligently. Setting an 

arbitrary price for material and holding the club 

of a Government plant over the head of the steel 
makers is not a very dignified position for the Govy- 

ernment to occupy—in fact it might be mildly 
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called intimidation. But even supposing the steel 
makers to be at fault, that they charge exorbitant 

prices and take advantage of the country’s neces- 

sity, is that a good reason why the building of 

naval vessels for the defence of the honor and in- 

terests of the country should be stopped? It is 

hard to see how the opponents of the armor plate 

purchases can occupy any reasonable ground for 

their opposition—possibly the explanation is in 

some petty local or party advantage. Armor is 

a very expensive material, costly to produce, so 

much so, indeed, that the actual material bears lit- 

tle relation to the price. This has a parallel in 
many branches of manufacture. The loaf of bread 

is dear or cheap according to the rise or fall of the 
price of flour, but the price of the finer grades of 

lace is not based on the cost of linen thread. The 

production of armor plate necessitates the use of 
very costly apparatus, not only in forging the 

plates, but in machining them according to design. 
Then the orders for such material are neither sure 
nor continuous, and the makers run the risk of 

having an enormous amount of capital locked up in 

idle machinery. The price paid for armor by other 

nations could be readily ascertained, and if a com- 

parison of such prices with those made by our steel 

makers showed that the latter were unreasonable or 

exorbitant an opportunity to bid could be given to 

all comers, home and foreign. This would settle 

the matter effectually, and there would be little 
chance of the orders going outside of this country. 

There seem to be some influences at work in Con- 

gress in cutting down the amount of appropriations 

where the Navy is concerned, which are not helpful 

to the best interests of the country in any sense. 

This was especially noticeable in the appropriations 

for the last lot of torpedo boats and destroyers, and 
cropped out in the case of the new monitors, and 

now appears in connection with armor plate. 

Some of the rural members of Congress seem to 

believe that war ships and their components are 

bought and sold like horses at a country show—for 

what they will bring. A horse buyer gets the horse 

at the lowest price he can, knowing the qualities 

of the beast will not be changed thereby; a ship is 

an entirely different proposition, for there the qual- 
ity has a close relationship to the price. However 
patriotic a manufacturer may be, he can only afford 

to give the Government what it pays for—nothing 

more. It ought to be the aim of the Government 

to encourage manufacturers and help to develop the 

manufacturing resources of the country which 

could be drawn on in time of need. The proposi- 

tion to build a Government armor plate plant 



April, 1899. 

touches upon the ridiculous. To begin with, it 

would entail such a delay in the completion of the 
ships provided for in the bill that they would be 

almost out of date when completed. To operate 
such a plant with any degree of economy necessi- 

tates a certain and constant output. Do the advo- 

cates of the Government plant propose to build an 
indefinite number of armored vessels to keep the 
armor plant busy? Why, even the British Govern- 

ment, with its enormous Navy, does not manufac- 

ture a ton of armor plate. Jt has always been the 
policy of governments to so distribute the manufac- 

ture of war materiel that any local mishap, such as 

breakdown, fire, etc., will not paralyze the fighting 

resources of the nation. The recent action of Con- 
gress in this matter is childish and unworthy of the 

national legislature. 

a a 

REAT as was the achievement of the officers 

and men in bringing the U. 8S. 8. Oregon 

safely around Cape Horn from the Pacific to the 
Atlantic, a run of 14,000 miles, it is now over- 

shadowed by the voyage of the same ship from 
New York to Manila, a distance of 20,000 miles; 

and arriving out, in the words of Admiral Dewey, 
“in fit condition for any duty.” This later run 

has not attracted nearly as much public attention 
as the run during the Spanish war, for the very 
natural reason that the country was then at war 
on the sea with a civilized power, while now the 
operations in the East are practically confined to 

the land, and are with a semi-civilized or barbarous 

foe. But the trip to Manila is really the more re- 
markable performance, from an engineering point 

of view. There was less incentive for those on 

board to put forth extraordinary efforts: on the 

previous run officers and men knew that they were 

on their way to fight for their country in the cause 

of liberty. On the other hand, however, the voy- 
age just completed was made with the aid and ben- 
efit of the information and experience of the ves- 
sel’s capabilities gained on the voyage around the 

Horn. That memorable voyage was in the nature 
of an experiment, and this calls attention to the 
apparent lack of confidence in the sailing qualities 

of the modern battleship. No other first-class ship 
of this type has made such records as the Oregon 

holds; though some long voyages have been accom- 

plished by ships of other nations, notably the Brit- 

ish. It is curious to compare the attitude of naval 

authorities with the practice which obtains in the 

mercantile marine. It is nothing remarkable for 

. an ordinary cargo vessel to make a seventy-day 
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voyage under steam, and even in winter the ordi- 
nary tramp crosses the ocean without any one in- 

terested taking any special credit. The design and 

uses of such vessels are altogether dissimilar, and 

yet both are sea-going ships and as such should be 

able to meet any conditions. It may be that Navies 
have exercised an undue amount of caution in this 

respect and that the example set by the Oregon will 

be extensively followed. 

SNA 

ee of the formation of a shipbuilders’ 
trust on the Great Lakes are in the air, 

though at this time of writing nothing definite has 

transpired. This trust would embrace most of the 

large establishments, though several works would’ 

be on the outside. The modern tendency in manu- 

facturing and commerce is toward concentration 

of effort. In these respects the ordinary stock 

company may be regarded as a trust, for it is or- 

ganized, usually, to carry on a more extensive busi- 

ness under one management than could be under- 

taken independently by any of the stockholders. 
The result is, also usually, a benefit to the com- 

munity at large, as in the case of the railroad and 
steamship corporations—the stockholders stand 

any losses. When, however, a trust or combination 

of separate interests is formed for the purpose of 

controlling the exclusive right, under patents, to 

manufacture certain articles or to control the nat- 

ural resources of a country, the existence of such 
a trust is generally a luxury that the consumer 

pays for. In the case of most manufactured arti- 

cles the carrying out of processes on a large scale 

gives the most economical results, and the expenses 

of marketing are largely reduced. In this, how- 

ever, as in everything else in commercial life, there 

is a conflict of interests, for centralization of power 

dispenses with many capable and high-salaried men 

who managed the scattered units. Herein, we un- 

derstand, lies the difficulty of forming a lake ship- 

builders’ trust. It is one thing to be the head of 

a large works, responsible to no official head, and 

quite another to be an employee accountable for 

every act. As a shipbuilders’ trust would control 
no fundamental patents nor natural resources it is 

not likely that it would work to the disadvantage 
of the shipowner. A combination of several of 
the largest pump manufacturers of the country is 

also announced under the title of The Interna- 

tional Steam Pump Company. This combination 

includes several of the well-known makers of ma- 

rine pumps. The capital stock of the new organi- 

zation is fixed at $27,000,000. 
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MARINE BREAKDOWNS AND LOSSES. 

NARRATIVE OF THE MISHAPS WHICH BEFELL 

SOME WELL-KNOWN LINERS. 

In marine circles the early months of the present 
year will long be remembered for the numbers of dis- 
asters and mishaps of every variety occasioned by the 
unusually severe weather. Leaving out of reckon- 

ing the wrecks of scores of small vessels, the losses of 
many large well-equipped steamships brought sad- 

ness to many homes and substantially decreased prof- 
its in shipping and insurance circles. It is rather re- 
markable, however, that in many instances the loss of 
a vessel or her total disablement was not attended by 
any loss of life. Some of the most notable mishaps are 
recounted here, with views of the steamships, Bulgaria 

of the Hamburg-American line, Pavonia of the Cunard 
line, and Castilian of the Allan line. 

The Hamburg-American line freight and passenger 
steamship Bulgaria had an eventful voyage, which 
commenced January 28 at New York and ended Febru- 
ary 24 at Ponta Delgada, Azores. The vessel left her 
pier at Hoboken on the Hudson river on her regular 
eastward trip to Hamburg, carrying a large cargo, 

many head of horses, and forty-one passengers in the 
steerage. Nothing unusual occurred until the night of 
February 1, when a terrific hurricane was encoun- 
tered. The vessel was unable to make any headway 
and next afternoon Captain Schmidt decided to heave 
to. While being pounded by the waves the entire 
steering gear was carried away, according to the re- 

port of the ship’s officers, and then the Bulgaria was 
helpless. Immense seas swept over the vessel, carry- 

ing away all sorts of gear and smashing windows and 
doors in the deck houses, and finally carrying over- 
board some of the hatch covers. Then the vessel com- 
menced to fill, and she is said also to have sprung a 

leak. The horses carried stampeded and trampled 
each other or were dashed against the sides and killed, 
and those maimed were slaughtered. Later the vessel 
took a heavy list to port, and this increased the terror 
of the passengers, who were already demoralized. For 
seventy-two hours the crew labored to jettison the 

cargo and lighten the vessel, but the water kept rising 
in the holds and soon was nearly up to the grates in 
the fireroom, though the trimmers and firemen kept 

at work. On February 5 three steamships were sight- 
ed, and one of these, the tank steamer Weehawken, 
from Philadelphia for Hull, stood by and took off 
twenty-five passengers. She was unable to render fur- 

ther assistance, as her holds were full of water, and 
she lost all her small boats. This occurred in lati- 
tude 40 north, longitude 48 west. The Weehawken 

then proceeded to the Azores, where she landed the 
Bulgaria’s passengers at Ponta Delgada. Her report 
of the condition of the Bulgaria at the time they part- 
ed caused intense anxiety for the safety of those on 
board the liner, and by many the Bulgaria was given 

up for lost. While the Weehawken was taking off the 
passengers four of the crew of the Bulgaria put off in 

an open boat, and after being blown about for several 
hours they were picked up by another of the steamers, 
the Vittoria. An officer and several of the crew of the 
Vittoria then got into the boat with the intention of 

going aboard the Bulgaria, but they could not reach 

her owing to the weather, which had become more 
severe, and they had great difficulty in getting back to 
their own ship. The Captain of the Vittoria deter- 
mined to keep the Bulgaria company, so that he could 
give assistance when the storm abated, but in the 
night he lost sight of the distressed vessel, and he con- 
tinued westward and put into Baltimore, where he 

landed the four mariners of the Bulgaria on February 
22. Meanwhile on the Bulgaria matters improved 
somewhat after the Weehawken left, for the weather 
became calmer, and repairs were attempted. On Feb- 
ruary 11, however, stormy weather returned, and after 

MARINE ENGINEERING. April, 1899. 

about three more days of drifting the British steamer 
Antillian, bound west from Liverpool for New Orleans, 
came up. She was asked to tow and passed a hawser 

to the Bulgaria. After several hours the tow line 
parted and another was secured, with a like result, so 
that finally the Antillian steamed away, as Captain 
Schmidt would not abandon his ship. February 17 the 
Norwegian bark Helga was signaled to report the 

Bulgaria “all well.” Three days afterward, when the 
wind and sea had gone down considerably, repairs to 
the steering apparatus of the Bulgaria were completed 
and she proceeded under her own steam, shaping her 
course for Ponta Delgada. She averaged about ten 
knots speed and arrived in harbor February 24. Many 
of her passengers and crew had sustained severe in- 
juries owing to their being thrown about violently 
during the storms. The seamanship displayed by the 

Captain and officers and the faithfulness and skill of 
the engineering staff called out widespread expres- 
sions of praise among marine folk, and the owners re- 
ceived a special message of congratulation from Em- 

peror William. The Bulgaria is a new steamer of Ger- 
man build, having been launched from the yard of 
Blohm & Voss at Hamburg early last year. She is a 

large cargo-carrying boat of the intermediate type, 
measuring: Length, 500 ft.; beam, 62 ft.; depth, 38 ft. 
She is built of steel and is fitted with twin-screws, 
with quadruple-expansion balanced engines, with cyl- 
inders 21 1-3 in., 31 2-5 in., 46 in., and 66 1-2 in. by - 
48 in. stroke. She has Scotch boilers. Her gross ton- 
nage is 10,961 tons. 

The magnificent new Allan line steamship Castilian, 
Captain Richard Barrett, was lost on the morning of 

March 13, when in a thick fog she went on the Gannett 
Rock Ledges, about 11 miles southwest of Yarmouth 
Light, Nova Scotia. This was her maiden voyage and 

she had touched at Portland, Me., on her way out. 
When the mishap occurred the weather was moderate 
and the sea comparatively calm. Considerable water 
was reported after she struck as coming into the for- 
ward compartments. The chief officer and a boat’s 
erew were sent for assistance and made a landing at 
Little River, and from there information of the mis- 
hap was conveyed to Yarmouth, from whence three 
steam tugs immediately came out. There were about 

fifty passengers on the Castilian. These were all 

taken off, together with a number of the crew, al- 
though the ofticers and some of the crew stood by 

the ship. The course which the vessel was steering 
at the time is hedged about with many dangers in the 
shape of ledges and reefs, and there are strong cur- 
rents and tides. It was reported at the time that the 
compasses were deranged and that this accounted for 

the vessel being about twenty miles off her course. 
Subsequently the vessel broke in two and was a total 
loss. She carried a general cargo valued at about 
$500,000 and many head of cattle. The Castilian was 
probably the largest vessel in the Canadian Atlantic 
trade. She was launched October 19, 1898, from the 
yard of Workman, Clark & Co., of Belfast, Ireland. 
Her design provided for a first-class passenger, cattle 
and cargo vessel of about 8,500 tons cargo capacity. 

Her dimensions were: Length, 470 ft.; beam, 53 ft. 
9 in.; depth, 36 ft. She was built in excess of registry 

requirements, had a cellular bottom, nine water-tight 
compartments and three steel decks running the en- 
tire length fore and aft. There was a permanent shel- 

ter deck with bridge deck above. The cabin passen- 
gers were accommodated in the bridge enclosure amid- 
ships, where the furnishings and fittings were unusu- 

ally artistic. The main saloon had accommodation for 
100 passengers at.table at one sitting. The roof of 
the deck house was used as a promenade, giving an 

unbroken stretch of 150 ft. in length at a height of 
about 25 ft. above the water. Very pleasant quarters 

for the second-class passengers were fitted aft, includ- 

ing a dining room with seating capacity for 150 per- 

sons. There was accommodation for a large number 

of steerage passengers on the main deck, and exten- 

sive accommodation for the large crew carried. Ex- 
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tensive refrigerating and electric light plants were 
fitted, and all the navigating and deck appliances were 
of the most improved types. She was fitted with com- 
paratively powerful engines, and on her voyage out 
averaged about 300 miles a day. 

The Cunard liner Pavonia, on the Boston-Liverpool 
route, set sail from Queenstown westbound late in 
January, and was towed into St. Michaels, Azores, 
February 18, by the British steamship Wolviston. 
Then was related an extraordinary story of misadven- 
ture. Shortly after the vessel left Queenstown she en- 
countered a succession of hurricanes, and had to lay 
to at intervals for hours at a stretch. Finally in some 
unexplained manner the boilers got adrift and added 
to the terrors of the passengers by pounding about as 
the vessel rolled. The steamship Colorado was after- 
ward sighted and passed a line to the Pavonia, but the 
towing bitts pulled out, and the Captain of the Colo- 
rado had to content himself with standing by for 
about twenty-four hours, when he lost sight of the 
Pavonia. Meanwhile the Cunarder was in a deplorable 
condition. The engineers, aided by their staff and 
deck officers and crew, made repeated efforts to secure 
the boilers, working in the semi-blackness of the stoke- 
hold unremittingly, while the ship was rolling and 
pitching terrifically and the water was waist high. 
The British steamship Horatio was sighted later, and 
in response to rocket signals approached and was noti- 
fied of the Pavonia’s condition. According to report 
the Horatio refused aid and went on her course. For 
another week the Cunarder drifted helplessly about, 
blown hither and thither by storms, until finally the 
steamship Wolviston was sighted. After about two 
days of effort in securing and losing vow lines the 
Wolviston made headway with the Pavonia in tow and 
the Azores were reached without further mishaps. 
The troubles of those on board the Pavonia were not 
over, however, as they had to land in life boats in a 
heavy gale. The conduct of most of the officers during 
those trying days was most warmly commended by the 
passengers, though there were many criticisms regard- 
ing the attitude of the Captain. The passengers were 
finally brought on here in the Portuguese steamship 
Vega, arriving at New York March 7. The Pavonia, 
like the other vessels of the Boston branch of the 
Cunard line, was not a flyer. She was a comparatively 
old ship, having been built at Clydebank in 1882. She 
is an iron barkentine-rigged single-screw ship of 5,500 
gross tons, measuring: Length, 430 ft.; beam, 46 ft.; 
depth, 35 ft. She is fitted with two-cylinder compound 
engines and Scotch boilers. 

The Dominion liner Labrador, bound east from St. 
Johns, N. B., and Halifax, N. S., for Liverpool, went 
ashore on McKenzie Rock, near Skerryvore Light on 
the Hebrides, on the morning of March 1. The ship 
was caught amidships and the seas broke over her so 
that the holds were soon full of water. The ship had 
good weather for several days out, but entered a fog 
bank some time before she was lost, and was away off 
her course at the time. The boats were got out and 
took off the passengers and crew, all of them being 
picked up by the steamship Viking, which happened 
to come up, except one boat load which made a landing 
at Skerryvore Light. This boat contained one Agon- 
cillo, the blatant agent of Aguinaldo, leader of the 
Filipino rebels. His behavior was reported as being 
very cowardly when the vessel struck. The ship 
struck bottom very unexpectedly, and there was very 
little time to get away, but owing to the good disci- 
pline which prevailed no one was injured. The vessel 
had a valuable cargo and mails on board. The Labra- 
dor was a steel schooner-rigged screw steamer of about 
4,700 gross tons and was built in 1891 by Harland & 
Wolff, Belfast, Ireland. Her dimensions were: Length, 
400 ft.; beam, 47 ft.; depth, 28 ft. She was fitted with 
triple-expansion engines. This vessel held the record 
of the western passage from Liverpool to Halifax— 
about 7 1-2 days. 

The Sloman line steamer Moravia, which was 
wrecked on the northeast bar of Sable Island about 
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February 12, is reported a total loss. She was bound 
from Hamburg for Boston and was overdue. She ecar- 
ried no passengers and had a crew of thirty, who got 
away safely in the boats, but before they reached land 
one of the officers died from exposure. The Moravia 
was an iron ship of about 2,400 tons, built about fifteen 
years ago at Glasgow. 

Interesting Salvage Cases. 

The extraordinary photograph here reproduced, to- 
gether with the following particulars, are copied from 
the Engineer, London. (Engraving on opposite page.) 

The Milwaukee was a fine cattle carrier of large 
dimensions, owned by Messrs. Elder, Demster & Co., 
Liverpool, and left the Tyne in ballast early in Sep- 
tember. When off the Aberdeenshire coast during a 
dense fog she stranded on an outlying rock, and all 
attempts to get her off proved fruitless. Without un- 
necessary delay salvage operations were commenced 
by the Liverpool Salvage Company, but, as the fore- 
part was held fast by the rocks and immovable, it 
was deemed advisable to cut her in two, ahead of the 
boiler-room bulkhead, the after part being uninjured, 
and thus save the most valuable part. Being fa- 
vored with fine weather, this was accomplished, with 
the aid of dynamite, thus saving nearly two-thirds 
of the ship, containing the engines, boilers, etc. This 
portion was taken in tow for the Tyne, where she 
recently arrived safely. It is intended to build a new 
bow and float it into dock to join the old portion. 

The employment of what might be termed the hy- 
draulic method of freeing vessels which had gone 
aground on a soft bottom was used successfully in the 
case of the of the British battleship Victorious, which 
recently stranded at Port Said. Her grounding was 
caused by the failure of her anchors to hold, and the 
combined influences of a strong wind and heavy sea. 
She touched bottom in about 25 ft. of water and later 
resisted all efforts to float her by the aid of tugs. A 
considerable quantity of coal, ammunition and other 
stores was removed to lighten the vessel. Then two 
boats with powerful pumps were put at work dis- 
charging water under pressure on the starboard side 
of the battleship, the nozzles of the discharge pipes 
being worked about below water where the bottom of 
the vessel rested on the sand. On the port side a suc- 
tion dredge was put at work which removed the sand 
that was stirred up by the action of the jets. After 
about two days’ work a sufficient excavation was made 
in the bottom to give a draught of water in which the 
vessel could float, and with the aid of tugs she was 
dragged out to deep water. The Victorious is one of 
the new British battleships, having been built at 
Chatham Dockyard in 1895. Her dimensions are: 
Length, 390 ft.; beam, 75 ft.; mean draught, 27 ft. 6 
in.; displacement, 14,900 tons. A somewhat similar 
method was employed in freeing the Russian armored 
cruiser Rossia, which went aground in the river Neva. 
She settled nearly three feet in the bottom, which was 
composed of muddy sand mixed with a considerable 
percentage of pebbles. As the accident occurred in 
mid-winter, the vessel was soon frozen in, and all 
efforts to pull her off with tugs were useless. The 
hydraulic method was then employed, the nozzle 
from the discharge pumps being worked on the bottom 
where the vessel touched, and in this way she was 
floated after about three weeks’ work, the conditions 
below water being explored from time to time by 
divers. The Rossia is an armored cruiser of the fol- 
lowing dimensions: Length, 480 ft.; beam, 68 ft.; 
draught, 26 ft. Her displacement is 12,200 tons, and 
she is fitted with engines of 18,000 horse power, under 
forced draft, which give a maximum speed of 20 knots. 
She is fitted with triple screws driven by three sets of 
triple-expansion engines, and Belleville water-tube 
boilers. This fine vessel attended the British naval 
review at Spithead in 1897, and together with our 
Brooklyn attracted a great deal of attention. The 
Rossia was built at St. Petersburg. 
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EDUCATIONAL DEPARTMENT. 

HELPS FOR CANDIDATES FOR /IIARINE EN= 
GINEERS’ LICENSES—IIATERIALS OF 

ENGINEERING CONSTRUCTION—II. 

BY DR. WILLIAM FREDERICK DURAND. 

[2] MALLEABLE IRON. 

(1) Composition and Manufacture. If a casting of 
hard, white iron, or one with a large proportion of 
combined carbon, be packed in some material which 
will not fuse at a red heat, which will exclude the air, 
support the piece and prevent deformation when hot, 
and if it be then subjected to continuous red heat for 
some days, the combined carbon will be separated 
from the iron, but will not be able to collect together 
in flakes or scales or to form the same structure as in 
soft, gray cast iron. in consequence the iron crystals 
remain in more intimate contact, much as in steel, and 

the tensile strength and toughness are greatly in- 

creased. 
It has long been supposed that this operation in- 

volved an actual withdrawal of the carbon from the 
iron, and to this end the substances usually employed 
are either the common red oxide of iron in the form 
of hematite iron ore, or the black oxide in the form of 
mill scale, or the corresponding oxide of manganese. 
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cooling slowly, usually show a considerable propor- 
tion of graphite carbon. 

To carry out the process the castings are embedded 
in the material selected. The whole is then inclosed 
in a cast-iron box or pot and is subjected to a full red 
heat for from two or three days to as many weeks, 
depending on the size of the piece. 

(2) Physical and Mechanical Properties. Outside 
of the numerical information, to be given later, atten- 
tion may be called to the ductility of malleable iron, 
which is from four to six times that of cast iron, 
though only about one-tenth that of wrought iron. 
Nevertheless good malleable iron can be bent and 
twisted to a very considerable extent before breaking, 
and its ability to withstand blows or shocks is very 
much greater than cast iron. Malleable iron may 
with care be forged and welded, and it may be case 
hardened much as with wrought iron. 

(3) Uses in Marine Engineering. Malleable iron is 
used for junction boxes and for pipe fittings in cer- 
tain varieties of water-tube boilers, and to some ex- 
tent for general pipe fittings on board ship. It would 
seem that the use of this material might with ad- 
vantage be extended to many parts in which more 
strength and toughness are required than can be pro- 
vided by cast iron. 

[3] WroucuTr [Ron. 

(1) Composition and Manufacture. Wrought iron 
is nearly pure iron mixed with more or less slag. 

AFTER END OF THE S.S. 

These have a decarbonizing effect; that is, under the 
conditions existing they will to some extent withdraw 
the carbon from the surface layer of iron. Analyses 
of malleable iron show, however, that only to a slight 
extent is the carbon actually withdrawn as a whole, 
and that the principal change is in the condition of 
the carbon, as above explained. The surface effect, 
however, extending in, as it does, for perhaps 1-16 in., 
is undoubtedly a valuable feature, and while a good 
quality of malleable iron has been made by the use of 
river sand as a packing medium, the use of the sub- 
stances mentioned above is rather to be preferred. 

In order that the process may be successful, the iron 
must have nearly all the carbon in the combined state, 
and must be low in sulphur, as the latter substance is 
found to greatly increase the time necessary. It has 
been customary to use only good charcoal-melted iron 
in which the sulphur is very low, though a coke-melt- 
ed iron is quite as suitable, provided the proportion of 
sulphur is correspondingly small. The process can 
rarely be applied to very large castings, because such, 

MILWAUKEE IN TOW OFF THE COAST OF SCOTLAND. 

Nearly all the wrought iron used is modern times is 
made by the puddling process. For the details of this 
process reference may be had to text-books on metal- 
lurgy. We can only note here that in a furnace some- 
what similar to the open-hearth referred to in [4] 
most of the carbon, silicon and other special ingre- 
dients of cast iron are removed by the combined action 
of the flame and of a molten bath of slag or fluxing 
material consisting chiefly of black oxide of iron. As 
this process approaches completion small bits of near- 
ly pure iron begin to separate out from the bath of 
melted slag and unite together. This is helped along 
by the puddling bar, and after the iron has thus be- 
come separated from the liquid slag it is taken out, 
hammered or squeezed, and rolled down into bars or 
plates. Some of the slag is necessarily retained in the 
iron and by the process of manufacture is drawn out 
into fine threads, giving to the iron a stringy or fibrous 
appearance when nicked and bent over or when pulled 
apart. 

The proportion of carbon in wrought iron is very 
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small, ranging from .02 to .20 of one per cent. In addi- 
tion, small amounts of sulphur, phosphorus, silicon 

and manganese are usually present. 
The proportion of sulphur should not exceed .01 of 

one per cent. Excess of sulphur makes the iron red- 

short, that is, brittle, when red hot. 
The proportion of phosphorus may vary from .05 to 

.25 of one per cent. Excess of phosphorus makes the 
metal cold-short, that is, brittle when cold. 

The proportion of silicon may vary from .05 to .30 
of one per cent. 

The proportion of manganese may vary from .005 to 
.05 of one per cent. The influence of the silicon and 
manganese is usually slight and unimportant. 

(2) Special Properties. Wrought iron is mallea- 
ble and ductile, and may be rolled, forged, flanged and 
welded. It cannot be hardened as steel, though by the 
process of case-hardening a surface layer of steel is 
formed and may be hardened. Wrought iron may be 

welded, because for a considerable range of tempera- 
ture below melting (which takes place only at a very 
high temperature indeed) the iron becomes soft and 
plastic, and two pieces pressed together in this condi- 

tion unite and form on cooling a junction nearly as 
strong as the solid metal. In order to be thus suc- 
cessful, however, the iron must be heated sufficiently 
to bring it to the plastic condition, yet not overheated, 
and there must be employed a flux (usually borax) 
which will unite with the iron oxide and other impuri- 
ties at the joint, and form a thin liquid slag which 
may be readily pressed out in the operation, thus al- 
lowing the clean metal faces of the iron to effect a 

union as desired. 
(3) Uses in Marine Engineering. In modern prac- 

tice the place of wrought iron in marine engineering 
has been almost entirely taken by steel. Its former 
office was for all moving parts requiring strength and 
toughness. It is still used to some extent for the stay 
bolts and braces of boilers, and for boiler tubes. 

[5] STEEL. 
(1) General Composition. The properties of steel 

depend partly on the proportions of carbon and other 
ingredients which it may contain, and partly on the 
process of manufacture. The proportion of carbon is 
intermediate between that for wrought iron and for 
cast iron. In the so-called mild or structural steel the 
carbon is usually from 1-10 to 1-4 or 1-3 of one per cent. 
In spring steel the carbon proportion is somewhat 
greater, and in high carbon grades such as are used 

for tool steel, etc., the carbon is from .6 to 1.2 per cent. 
In addition to the carbon there may be sulphur, phos- 
phorus, silicon and manganese in varying but very 
small amounts. 
From the proportion of carbon it follows that steel 

may be made either by increasing the proportion in 
wrought iron or decreasing the proportion in cast 
iron. The earlier processes followed the first method, 
and high-grade steels are still made in this way by the 
crucible process. 

(2) Orucible Steel. In this process a pure grade 
of wrought iron is rolled out into flat bars. These are 

then cut and piled and packed with intermediate lay- 
ers of charcoal and subjected to a high temperature for 
several days. This recarbonizes or adds carbon to the 
wrought iron, and thus makes what is then called 
cement or blister steel. These bars are then broken 
into pieces of convenient size, placed in small cruci- 

bles, melted, and cast into bars or into such forms as 

are desired. 

Note.—Mild or structural steel is made wholly by the second 

general method—the reduction of the proportion of carbon in 

cast iron. There are two general processes, known as the 

Bessemer and the Siemens Martin or Open-hearth. 

(3) Bessemer Process. In this process the carbon 
and silicon are burned almost entirely out of the cast 
iron by forcing an air blast through the molten iron 
in a vessel known as a converter. A small amount of 

spiegel eisen or iron rich in carbon and manganese is 

then added in such weight as to make the proportion 
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of carbon and manganese suitable for the charge as 
a whole. The steel thus formed is then cast into 
ingots or into such forms as may be desired. 

In this process no sulphur or phosphorus is re- 
moved, so that it is necessary to use a cast iron very 
nearly free from these ingredients in order that the 

steel may have the properties desired. A modifica- 
tion by means of which the phosphorus is removed, 

and known as the basic Bessemer process, is used to 
some extent. In this, calcined or burnt lime is added 
to the charge just before pouring. This unites with 
the phosphorus, removes it from the steel, and brings 

it into the slag. In the basic process the lining of the 
converter is made of gannister or a calcined magnesia 

limestone, in order that it may not also be attacked 
by the added limestone and the resulting slag. 

In that form of Bessemer process first noted, and 
often known as the acid process in distinction from 
the latter or basic process, the lining of the converter 
is of ordinary fire clay or like material. 

The removal of the phosphorus by the basic process 
makes possible the use of an inferior grade of cast . 
iron. At the same time, engineers are not altogether 
agreed as to the relative values of the two products, 
and many prefer steel made by the acid process from 

an iron nearly free from phosphorus at the start. 

(4) The Open-hearth Process. In this process a 
charge of material consisting of wrought iron, cast 
iron, steel scrap, and sometimes certain ores, is melted 

on the hearth of a reverberatory furnace heated by 
gas fuel on the Siemens Martin or regenerative sys- 
tem. The carbon is thus partially burned out in much 
the same manner as for wrought iron, and the pro- 
portion of carbon is brought down to the desired point 

or slightly below. A charge of spiegel-eisen or ferro- 
manganese is then added in order that the manganese 

may act on any oxide of iron slag which remains in 
the bath, and which would make the steel red-short 
if allowed to form a part of the charge. The man- 

ganese separates the iron out from the oxide, returns 
it to the bath, while the carbon joins in with that 
already present, and thus produces the desired pro- 
portions. 

Here as with the similar operation with the Besse- 
mer converter there is no removal of either sulphur 
or phosphorus, and only materials nearly free from 

these ingredients can be used for steel of satisfactory 
quality. With very low carbon, however, a little phos- 
phorus seems to be desirable to add strength to the 

metal. This limitation of the available materials has 
led, as with the Bessemer process, to the use of cal- 
cined limestone, which unites with most of the phos- 
phorus and holds it in the slag. Here, as in the Besse- 

mer process also, it is necessary to use a basic lining 
for the furnace, and it is known as the basic open- 
hearth process. By distinction the method without 

the use of the limestone has come to be known as the 
acid open-hearth process. 

As between the products of these two kinds of open- 
hearth process, there is much difference of opinion 
among engineers. Hither will produce good steel with 
proper care, and neither will without it. It is usually 
considered sufficient to specify the allowable limits 
for the proportions of phosphorus and sulphur and 
leave the choice of the acid or basic processes to the 
maker. 

(5) Open-hearth and Bessemer Steels Compared. 
Open-hearth steel is usually preferred for structural 
material in marine engineering. This is because: 

(a) It seems to be more reliable and less subject 
to unexpected or unexplainable failures than the Bes- 
semer product. 

(b) Analysis shows that it is much more homo- 

geneous in composition than Bessemer steel, and ex- 
perience shows that it is much more uniform in phys- 
ical quality. This is due to the process of manufac- 
ture, which is much more favorable to a thorough 
mixing of the charge than in the Bessemer process. 

(c) The open-hearth steel may be tested from time 
to time during the operation, so that its composition 
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may be determined and adjusted to fulfil specified con- 
ditions. This is not possible with the Bessemer proc- 
ess, and the latter product is therefore not under so 

good control as is the open-hearth. 

(6) Influence of Sulphur on Steel. Sulphur 
makes steel red-short or brittle when hot, and inter- 
feres with its forging and welding properties. Man- 
ganese tends to counteract the bad effects of sulphur. 
Good crucible steel has rarely more than .01 of one 
per cent. In structural steel the proportion may vary 
from .02 to .08 or .10 of one per cent. When possible 
it should be reduced to not more than .038 or .04 of one 

per cent. 

(7) Influence of Phosphorus on Steel. Phosphor- 

us increases the tensile strength and raises the elastic 
limit of low carbon or structural steel, but at the ex- 
pense of its ductility and toughness or ability to with- 

stand shocks and irregularly applied loads. It is thus 
considered as a dangerous ingredient, and the amount 
allowable should be carefully specified. This is usu- 
ally placed from .02 to .10 of one per cent. 

(8) Influence of Silicon on Steel. Silicon tends to 

increase the tensile strength and to reduce the ductil- 
ity of steel. It also increases the soundness of ingots 

and castings, and by reducing the iron oxide tends to 
prevent red-shortness. The process of manufacture 
usually removes nearly all of the silicon, so that it is 
not an element likely to give trouble to the steel 
maker. The proportion allowed should not be more 
than from .10 to .20 of one per cent. 

(9) Influence of Manganese on Steel. This ele- 

ment is believed to increase hardness and fluidity, and 
to raise the elastic limit and increase the tensile 
strength. It also removes iron oxide and sulphur, and 

tends to counteract the influence of such amounts of 
sulphur and phosphorus as may remain. It is thus 
an important factor in preventing red-shortness. The 
proportion needed to obtain these valuable effects is 
usually found between .20 and .50 of one per cent. 

(10) Semi-steel. A metal bearing this trade 
name has in recent years attracted favorable atten- 
tion among engineers, and has come into considerable 
use where somewhat greater strength and toughness 
are required than can be provided by cast iron. 

Semi-steel is made by melting up mild steel scrap, 
such as punchings and clippings of boiler plate, with 
east iron pig, in the proportion of about 25 or 30 per 
cent of the former to 75 or 70 per cent of the latter. 
The presence of manganese and other special fluxes in 

small proportions is also found to add essentially to 
the strength, toughness and good machining qualities 
of the product. In this way is obtained a material 

having a tensile strength of 35,000 lb. or over, and a 
toughness and ability to withstand shocks decidedly 
greater than for cast iron, and with fairly good ma- 
chining qualities. Semi-steel casts as readily as most 
grades of cast iron, and its shrinkage and general 
manipulation are about the same. The chief draw- 
back seems to lie in the danger of hardness under the 

lathe, planer or boring tool, but with the proper mix- 
tures this is avoided, and a material very satisfactory 
for many purposes in marine engineering is thus pro- 

duced. 
(11) Mechanical Properties of Steel. The tensile 

strength of the lowest carbon steel, say about .10 of 
one per cent carbon, is usually not above from 50,000 
to 55,000 Ib. per square inch of section. The strength 
increases with the increase of carbon, and with not 
above the usual proportions of sulphur and phos- 
phorus, quite uniformly. Experiment shows that un- 

der these circumstances the strength will increase up 
to 75,000 lb. per square inch, or higher, at the rate of 
from 1,200 to 1,500 lb. per .01 of one per cent of carbon 
added. At the same time, with the increase in 
strength the ductility decreases, so that a proper 
choice must be made according to the particular uses 
for which the steel is intended. With the best grades 
of tool steel with carbon ranging from 1-2 to 1 per 
cent and over, the strength ranges from 80,000 Ib. 
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upward to 120,000 lb., and even higher in exceptional 
cases. 

Flange and rivet steel must be tough and ductile in 
the highest degree. Such steel has usually a tensile 

strength between 50,000 and 60,000 lb. and an elas- 
tie limit of 30,000 to 40,000 lb. Its elongation in 8 in. 
is from 380 to 85 per cent, and reduction of area at 

the ruptured section from 50 to 60 per cent. It will 

bend cold on itself and close down flat under hammer 
or press, up to a thickness of 3-4 in. to 1 in. without a 
sign of fracture. 

Shell steel, used for boiler shells, etc., has usually a 
strength between 55,000 and 65,000 lb.; elastic limit 
from 33,000 to 45,000 lb.; elongation in 8 in. of 25 to 

30 per cent, and reduction of area of 50 to 60 per cent. 
For shafting the quality of the steel is about the 

same as for shell plates. For piston and connecting 
rods the strength is rather higher, and ductility some- 
what lower. 

For steel castings the strength required is usually 
from 60,000 to 65,000 lb., with an elongation in 8 in. 
of from 10 to 15 per cent. 

Notes of Interest. 

Contracts are reported definitely closed for the con- 

struction of the two new steamships for the Pacific 
Mail line, which are to be built at Newport News, Va. 
The dimensions given are: Length, 550 ft.; beam, 
63 ft.; depth, 40 ft. A sea speed of 18 knots is fig- 
ured on. 

The International Steam Pump Company has been 
organized in the State of New Jersey and includes 

most of the leading pump manufacturers of the coun- 
try. The new company has a capital of $27,500,000, 
with preferred stock amounting to $12,500,000 and 
$15,000,000 common stock. Many of the concerns in 
this combine manufacture pumps for marine uses. 

Major H. M. Adams, U. S. Engineers, has received 
the approval of the Secretary of War to his specifica- 
tions for contracts for improving the East Channel 

and the Bay Ridge and Red Hook Channels !n New 
York Harbor, under the River and Harbor act. Major 
Adams will advertise for bids thirty days, and if con- 
tractors do not bid for excavating the 39,000,000 cu. 
yd. at ten cents per yard the Government will build 
its own plant. The contractor will have one year less 
one day after signing his contract to begin work. 

The appreciation of the nation, expressed through 
Congress, of the services rendered to his country by 
George Dewey, U. S. N., was fitly shown by his promo- 
tion to the rank of Admiral. This is a rare distinction 

in the Naval service, the rank having been conferred 

previously on two occasions only in the history of the 
United States. By his promotion Admiral Dewey be- 
comes the ranking military officer of the entire Goy- 
ernment service, and the date of his retirement is left 

to be fixed by him whenever he chooses. When the 

nomination was made and confirmed Secretary Long 
cabled authority to Admiral Dewey to hoist the flag of 

an Admiral and to wear the uniform of his new rank. 

He is hereafter entitled to a salute of seventeen guns. 

The Personnel bill, readjusting the rank of officers 
of the Staff corps and abolishing the Engineer corps 
of the Navy by amalgamating it with the Line, was 
passed by Congress before it adjourned early last 
month. The naval authorities are now at work on the 
rearrangement of the Navy list in accordance with the 
provisions of the new law. The changes made by this 
law in the naval organization are very radical, and 
among these is one permitting seamen to attain com- 
missioned rank under certain circumstances. A new 
class of warrant officers, to be known as Warrant Ma- 
chinists, has been created. In a future issue we shall 
discuss this most important act. 
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ELECTRICITY ON BOARD SHIP—PRINCIPLES 
AND PRACTICE—XVil. 

BY WM. BAXTER, JR. 

Circuit Breakers. 

A circuit breaker is a device which is so arranged 
that it breaks, or opens, the circuit when the current 
flowing therein reaches a strength at which the appa- 
ratus is set to operate; in other words, the action is 
controlled by the strength of the current. An electric 
current flowing in any circuit generates heat therein, 
and the stronger the current the more heat; therefore, 
if the strength is allowed to increase without limit, a 
point is soon reached where the amount of heat gener- 

ated is more than the wire can get rid of by radiation, 
and as a consequence the temperature rises to a de- 
structive point. A circuit breaker, therefore, is a pro- 
tective device whose object is to open the circuit before 
the temperature reaches a dangerous degree. 

A circuit breaker in its most elementary form is il- 
lustrated in Fig. 94. In this diagram A represents an 
electro magnet, the ends of the wire coil wound upon 
it being connected with the wires P and w. The lever 
S is a switch which closes the circuit between the end 
of wire w and the contact ¢ which forms the terminal 
of wire N. The square, marked g, is a weight made of 
iron, and it acts normally to hold S down upon c. The 
magnet A being energized by the current passing 
through the coil wound upon it, will exert a small pull 
upon g when the current is weak, but this pull will in- 
crease as the current strength increases. If we as- 

sume the current to increase continually, it is evident 
that after a while it will become so strong that the pull 
of the magnet will be sufficient to lift g, and when this 

Fig. 95. 

action takes place the circuit between P and N will be 
interrupted at the junction of c and the end of S. 

This simple device is a perfect circuit breaker and 
will be very sensitive in its action if the pivot at 0 
upon which S swings is made as nearly frictionless as 
possible. It would not be suited, however, to circuits 
carrying strong currents, as the separation between 
cand S is small, being limited by the distance between 
the top of g and the end of the magnet A. While a 
weak current could not jump across the space between 
the end of S and top of ¢ when S is raised to its high- 
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est point, a strong one could; hence, to make a circuit 
breaker that would be serviceable for the latter pur- 
pose it would be necessary to devise a construction 
that would permit S to move much farther away from 
ce when moved by the force of the magnet. This result 
can be accomplished by the construction shown in 
Fig. 95. In this figure it will be seen that S is held in 

Fia. 96. 

place by the hook h which engages with a similar hook 
upon the end of the lever L, the latter being pivoted at 
d so as to swing freely in a horizontal direction. The 
block m is made of iron, so that it may be attracted by 
the magnet A. When the current becomes sufficiently 
strong to cause A to act, LZ swings from under hook h 
and then S swings in the direction of arrow e, and thus 

the separation between its end and c becomes many 
times as great as in Fig. 94. 

It will be noticed at once, that while this construc- 
tion enables us to obtain as great a separation as may 
be desired, the action must be very torpid, for the end 
of L must slide from under h against the friction pro- 
duced by the weight of g and of S. This difficulty we 
can surmount by adopting the construction shown in 
Fig. 96. In this diagram it will be seen that S is held 
up by the jointed lever h, which is constructed upon 
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the toggle principle, the projections at o serving to 
keep it straight. The block m upon the lever L is 
acted upon in the same manner as in Fig. 95, but the 
end f does not have to slide against any frictional 
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force, hence it moves freely and striking h throws its 
center to the right and then the end m drops and al- 
lows S to fall freely. 

The diagram Fig. 97 shows another way in which 
the switch S can be held so that the friction of the 

Fic. 99. 

support may not interfere with its free release. In 
this arrangement the magnet A is of the solenoid type, 
that is, it consists of a coil of wire with an iron core 
m which fits loosely in the center opening. This core 
rests upon a suitable support H. When the current 
becomes sufficiently strong, it draws m upward, and 
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the velocity with which it is raised is such that its 
upper end strikes n violently, giving it a hammer 
blow. This blow moves L and causes it to disengage 
from the hook h, thus allowing S to fall. 

The principles of action illustrated in Figs. 96 and 
97 are used, more or less modified, in many forms of 
circuit breakers, while in others different forms of 
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construction are used. As can be readily seen, the 
object to be accomplished is to get rid of the friction 
of the construction shown in Fig. 95, and evidently 
there are many ways in which this may be accom- 
plished. 

Circuit breakers, like switches, are classified as 
single-pole and multipole; of the latter type the two- 
pole is the only one commonly used. For the protec- 
tion of a single circuit, a two-pole circuit breaker is 
in most cases better than the single-pole device, al- 
though at a first glance it might appear that a breaker 
that opens the circuit at one point would be as effect- 
ive as one that opens it at two, since one interruption 

in a circuit is sufficient to stop the flow of current. 
The reason why the two-pole circuit breaker affords 
greater protection, in most cases, is that if a circuit is 
grounded, through a defect in the insulation, opening 
it at a single point may not stop the flow of current 
in the entire circuit, as through the defect in the insu- 
lation a short circuit may be completed. This condi- 
tion of things can be better explained by the aid of 
Fig. 98, which is a diagram representing a generator 
and its external circuit. The left-hand portion of the 
curve, marked A, represents the armature wire, and 
X X represents the external circuit, N and P being the 
commutator brushes. The armature is supposed to 
generate a current in the direction of arrow a, and this 
flows through the external circuit in the direction of 
arrows 0 bd. If there is a defect in the insulation of the 
armature wire, so that the current can escape to the 

iron core, no damage will be done if there is no other 
ground. Suppose the armature defect is at the point 
c, and suppose that another ground is formed in the 
external circuit at d. Now the portion of the armature 
between N and c will generate a current that will flow 
in the direction of arrow a, and this when it reaches 
point c will follow arrow g and h to point d and then 
return to the armature as indicated by arrow n. The 
small portion of the armature from c to P also tends 
to generate a current in the direction of arrow e, but 
this current cannot flow through the external circuit 
in the direction of arrows b 6} unless it can pass from 
point d to N direct, for if it should follow the ground 
path from d to c in the direction of arrows f f it would 
have to flow against the current coming from the 
larger half of the armature, and this it could not do. 
Now suppose we have the circuit protected by a circuit 
breaker that will open the connection between WN and: 
d, then it is evident that the current generated in the 
portion of the armature between N and c will not be 
able to flow, for it can only pass as far as arrow n, 
since there is a break between d and N. Thus the cir- 
cuit breaker placed between d and N will stop the flow 
of current through the larger port o n of the armature, 
between WN and c, but as on this account there will be 
an opposing current flowing between c and d the cur- 
rent generated in the armature between c and P will 
follow the circuit in the direction of arrows b b and 
f fe. From this we see that the single circuit breaker 
placed between N and point d will not entirely stop the 
flow of current when the short circuit between c and d@ 
is formed. If, however, we place another circuit 
breaker next to P, then the circuit on both sides of the 
ground connections c and d@ will be broken, and the 
current will be completely interrupted. 
From the foregoing it can be seen that if we desire 

complete protection it is necessary to use a two-pole 
circuit breaker, or two single-pole ones. As in’ dia- 
gram Fig. 98 P and WN represent the brushes or binding 
posts of the generator, they are in reality close to- 
gether, and can be more easily connected with one 
double-pole breaker than with two of the single-pole 
type. 

Figs. 99 and 100 show two designs of two-pole cir- 
cuit breakers that are used extensively. In the first 
figure both sides of the instrument are shown in the 
closed position, while in the second the switch on the 
right side is closed and that on the left is open. The 
handles are for the purpose of replacing switches when 
they are thrown open by the action of the current. 
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ENGINEERS’ DICTIONARY—XVI. 

Evaporator.—An apparatus for making fresh water 
to supply the loss in the boiler feed. The usual form 
of evaporator consists of a series of nests or coils of 

pipe contained within a chamber as shown in Fig. 66. 

The chamber contains sea water, and steam from the 
boilers or from one of the receivers is passed inside 

the tubes. The heat in the steam passes through the 
tubes and forms steam or vapor of lower pressure on 
the salt water side. The chamber is connected with 
the condenser or with the L. P. receiver, and the 
steam formed in the evaporator is thus passed into the 
main circuit and serves to make up the loss of fresh 

water due to leakage at safety valves, joints, glands, 

ete., and to loss of steam used in auxiliaries and not 
returned to the condenser. At the same time the 
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water formed in the coils by the loss of heat is trapped 
out and returned to the feed, so that there is no ex- 
penditure of steam by the operation, but only of the 
heat which it carries. The coils on the outer or salt 
water side become naturally coated with scale, so that 
they must be cleaned from time to time. To this end 

they are usually arranged, as shown in the figure, so 

that they may be readily removed, cleaned, and re- 

turned in place. 
Exhaust Cock or Valve.—A cock or valve serving 

to allow or control the discharge of some liquid, va- 
por or gas, or its transfer from one receptacle to 
another. 
Exhaust Pipe.—A pipe leading from an exhaust 

valve for carrying the liquid vapor or gas to the place 

desired. 
Exhaust Lap.—The amount by which a slide valve 

when in its mid-position covers the port on the exhaust 

side. 
Exhaust Lead.—The amount by which a slide valve 

port is open on the exhaust side when the engine is at 
the end of the stroke. 
Exhaust Port.—An opening through which air, 

steam or other vapor is exhausted or removed from a 
cylinder after having completed its work therein. 
Exhaust Steam.—Steam which has completed its 

work in a given cylinder and is passing out through an 
exhaust port and pipe, either to the air, to the con- 
denser, or to another cylinder. In a multiple-expan- 
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sion engine the exhaust from one cylinder is the sup- 
ply for the next beyond, while the final exhaust leads 
from the low-pressure cylinder to the condenser. 

_ Expansion.—All gases and vapors tend to expand, 
or to occupy a larger volume. The term expansion re- 

fers to this general tendency. The expansion of steam 
or the expansive use of steam refers to the now almost 
universal mode of using steam, in which after being 
allowed by the steam valve to enter and fill a portion 
of the cylinder, the opening for entrance is closed, and 
the steam thus admitted acts for the remainder of the 
stroke by its expansive force alone. The number of 
expansions means the ratio between the volume at the 
end and at the beginning of the expansion; or it is the 
number by which the original volume of steam is 
multiplied in the operation of expansion. In modern 
triple-expansion engines using steam from 150 to 200 
lb. pressure, the total number of expansions is usually 
found between 8 or 9 and 11 or 12. With quadruple- 
expansion engines and rather higher pressures of 
steam the number of expansions may rise to 13 or 14 
or even higher. 

Expansion Gear.—That part of the valve gear 
which is especially concerned in cutting off the steam 
and in thus producing its expansion or expansive ac- 
tion. In most modern marine valve gears all separate 

expansion gear is omitted, and the entire control of 
the steam is effected by the main valve gear alone. 
Expander or Expanding Tool.—A tool for expand- 

ing or forcing out the metal of a boiler tube against the 

metal of the tube sheet, and thus making a steam- and 

water-tight joint. A common form of expander is 

shown in Fig 67. It consists of a frame or casing car- 
rying three steel rollers as shown. These rollers in- 
stead of running in fixed bearings at the ends are free 
to move outward or inward in radial slots in the cas- 
ing. When in use the tool is placed in the end of the 

tube with the rollers opposite the tube-sheet. A taper 
steel mandrel is then put in through the central hole 

between the rollers, forcing them outward against the 

metal of the tube. This mandrel is then turned by 
means of a crank or handle attached to the outer end. 
In this way the mandrel turns between the rollers, 
while the latter roll between the mandrel and the 
metal of the tube, thus gradually traveling around the 
inner surface and rolling the metal outward against 
the tube sheet. As the operation goes on the mandrel 
is driven gradually in, thus rolling the metal outward 

In the form until the desired effect is produced. 
shown the rollers are placed slightly oblique so that 
their axes are not quite parallel with that of the tube. 
In such case when turned in one direction they tend 
gradually to feed themselves into the tube, and when 
in the other to back out. In this way the instrument 
becomes self-feeding, and its entire action is continu- 
ous and regular. 
Eye-bolt.—See Bolt. ; 
Feathering Float.—A paddle-wheel float carried on 

a form of lever and operated by connection to an ec- 
centric or equivalent device, so that the float shall en- 
ter and leave the water in a position nearly or quite 
vertical. The object of this is to avoid a certain loss 
due to the obliquity of action in the common form of 
float. Two forms of mechanism for operating feather- 
ing floats are shown in Figs. 68, 69. In Fig. 68 the 
links similar to A B are all pivoted at A. This link 
actuates the lever B C and blade D E as shown, dnd 

similarly for the others. In Fig. 69 H B is a drive link 
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actuated by an eccentric with center at A. The re- 
mainder of the links are pivoted to the eccentric strap 
as shown, and are connected to blades similar to D EH, 

Fia. 68. 

as in the diagram. In both diagrams the plane of the 
blade may be beyond the pivot C as shown, or it may 

Fia. 69. 

contain ©, or it may lie between B and C. The ar- 
rangement of Fig. 69 is more commonly used, that of 
Fig. 68 being occasionally employed for small wheels. 
Feathering Paddle-wheel.—A paddle-wheel in 

which the floats are of the feathering variety. See 
above. 

With regard to the powering of naval vessels, En- 
gineer-in-Chief George W. Melville, U. S. N., has ex- 
pressed a preference for triple screws, with three 
independent sets of engines, the central set to be of 

greater power than those at the sides. He will read a 
paper on this subject before the British Institution of 
Nayal Architects in London. 

The new Hamburg-American twin-screw passenger 
and freight steamship Patricia, of the intermediate 
type, has been launched at Stettin. She is 560 
ft. long and 62 ft. beam. The Patricia is about 
13,000 tons register. She has a double bottom, 
extending the whole length of the ship, in twenty-four 
compartments. The vessel has accommodations for 
205 first- and 126 second-class passengers, and 1,000 
in the steerage. The cargo capacity is 12,500 tons. 
She will have a sea speed of about 12 knots. 
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QUERIES AND ANSWERS. 

(Communications intended for this department will not receive at- 

tention unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

Q.—What would you do if the go-ahead eccentric 
slipped on the shaft? Would it make any difference 
to the go-ahead motion if the backing eccentric slipped 

on the shaft? Could either of them be reset correctly 
without removing the steam chest cover? What effect 
has linking up on a slide valve? Does it change 
the throw of the valve? How does it affect the cut-off? 
Why does an inspirator throw water into a boiler 
against its own pressure? MAss. 

A.—If the go-ahead eccentric slips, the natural remedy is to 

get it back into place. If it is keyed on the shaft this should 

not be a difficult job, as the parts of the keyway in the shaft 

and eccentric will show when they come together that the latter 

is in the correct position. If the eccentric is secured by set 

serews, as is occasionally the case, it will probably be neces- 

sary to take off the valve chest cover in order to set the eccen- 

tric in its exact position. 

If the backing eccentric slips, it will make no difference when 

the link is in full gear; that is, when the motion of the valve 

is obtained entirely’ from the go-ahead eccentric. When linked 

up, however, the valve receives its motion partly from one 

eccentric and partly from the other, and the slipping of the 

backing eccentric will introduce more and more disturbance as 

the gear is linked up farther and farther from the full gear. 

With the help of an indicator, yes; without, not very exactly 

unless the covers were removed. To make a rough setting in a 

hurry, without removing covers, put the engine on the center 

and shift the eccentric sheave to about its proper position ahead 

of the crank in the direction of motion. Put the link in full 

gear and then open the indicator cocks top and bottom and 

blow through. If no steam comes out your valve needs a little 

lead on that end. When you have given this, secure the eccen- 

tric, then turn the engine on the opposite center and blow 

through again. By comparing the amounts of steam passed, you 

can set the valve so that the engine will work. A leaky piston 

would give steam at both ends, but you can readily get the re- 

quired results by observation. 

The effects of linking up are as follows: The throw of the 

eccentric, the travel of the valve and the port opening are de- 

creased. The cut-off is earlier. The lead is increased or de- 

ereased or kept constant according to the character and ar- 

rangement of the gear. With a Stephenson link fitted with the 

eccentric rods open (not crossed the one over the other when the. 

crank is on the lower center), the lead is increased as the gear 

is linked up. The exhaust opening is earlier. The exhaust 

closure is earlier, and the compression is greater. 

An inspirator throws water into a boiler against its own pres-- 

sure for much the same reason that the feed pump forces water 

into the same boiler, also against its own pressure. In the lat- 

ter case the total resistance or load on the water plunger is 

overcome by making the steam piston decidedly the larger of 

the two. This gives a total push much greater than the total 

resistance, and the water goes in. The present limits will not 

allow of a detailed explanation of the operation of an inspi- 

rator or injector, and while its operation is quite different in 

detail from that of the pump, there is yet a broad similarity at 

the bottom. To put the matter in one sentence, the inspirator 

forces water into the boiler because the heat energy in the 

steam used is converted into motion of the jet of feed water and 

condensed steam, and enough heat is so converted to drive this 

jet into the boiler against the steady pressure within. There 

are several good books on the injector in print. 

Q.—Please give me a rule for figuring out the 
strength of a reinforcing ring on a manhole of a 
boiler. A SUBSCRIBER. 

A.—There is no regular rule for figuring the dimensions of the 

reinforcement ring. It is a matter which is determined by expe- 

rience and practice rather than by mathematics. The ring is 

usually made of about the same thickness as the shell of the 

boiler, and should not be less in width than from three to four 

times the thickness. This will allow sufficient width for a single 

row of rivets, which should be spaced about the same as for a 

single riveted lap-joint. 
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Q.—What is the “equivalent girder?” How is it 
obtained, and to what use is it applied? CUBITT. 

A.—The stress on the structure of a ship at any given cross 

section is directly proportional to the moment of the external 

forces about that section, to the distance of the fiber in question 

from the horizontal gravity axis of thecross-sectional area of the 

materia] furnishing longitudinal] strength, and inversely to the mo- 

ment of inertia of the same cross-sectional area about the same 

axis. The term equivalent girder is applied to a method of mass- 

ing the structural material of the ship in such way that it shall 

resemble a more or less complicated form of I-beam section. 

That is, the decks, bottom plating and other horizontal members 

are massed in horizontal rectangles, while the side plating and 

other vertical members are massed in vertical rectangles, thus 

transforming the somewhat irregular structural cross section 

into a more regular combination of rectangles forming a section 

consisting of horizontal flanges and vertical webs. The strength 

of the ship is then considered the sameas that of a girder having 

such a section and subject to the same external forces. From 

this section we may then determine the moment of inertia re- 

ferred to above. The formation of this section was thus an inter- 

mediate step in the determination of the moment of inertia of the 

cross section of the structural material, and served further to 

show to the eye in a general way the manner in which the mate- 

rial was distributed through the cross section. 

It may be noted that the construction in this way of an equiva- 

lent girder is a wholly unnecessary operation. The method of 

massing the material is to some extent quite arbitrary, and if 

measurements to scale are taken directly from the girder section 

for purposes of computation, the latter will necessarily contain a 

certain amount of instrumental error. The moment of inertia 

can be quite as satisfactorily obtained from the scantling cross 

_ section itself by taking in order each piece, of area as given by 

its dimensions, and treating it as a small rectangle of height 

equal to that which the piece covers. These operations arranged 

in tabular form furnish an orderly and reliable mode of obtain- 

ing the moment of inertia without constructing the equivalent 

girder as an intermediate step. It is true that the number of 

items in the computation is greater than with the equivalent 

girder, but the time required to make the construction and the 

possibility of error, as before referred to, are avoided. Limits of 

space prevent a detailed account of the various operations re- 

quired to carry out this computation, which, of course, involves 

an extensive use of mathematics. 

Q.—Please inform me how to get the tonnage of a 
launch 50 ft. long, 9 ft. beam and 6 ft. deep; also what 
is meant by displacement, and how to figure it out. 
What is the meaning of gross and net tonnage of a 
boat? W. C. 
A.—Tonnage refers to the internal capacity or volume of a ship. 

Gross Tonnage is the entire internal capacity measured accord- 

ing to certain rules specified according to the size and type of 

vessel. 

Net Tonnage is the remainder after having taken from the gross 

tonnage certain allowances for crew space, engine and boiler 

rooms, shaft alley, ete. 

Displacement is the weight of the water displaced by the ship, 

or what is the same thing, the weight of the ship itself and 

everything on board. Hence displacement varies from day to 

day, or from one voyage to another, while tonnage, being deter- 

mined simply by the type and internal dimensions of the ship, is 

constant. Tonnage is supposed to represent a ship’s earning 

capacity, and hence it usually serves as the basis for port and 

navigation charges. Tonnage cannot be found without taking 

actual measurements from the ship itself. The rules will be 

found among the navigation laws of the United States, or see 

Revised Statutes, Chap. 1, Title XLVIII, Sections 4150 to 4153, 

and Chap. 398. 

Q.—What are the advantages of a compound engine 
over a simple engine? : CRE: 

A.—The chief advantage of the compound over the simple en- 

gine is in its greater economy. Other things being the same, it 

requires less coal to develop a horse power with a compound than 

with a simple engine. A large part of the loss in the steam 

engine is due to the condensation of steam on the internal sur- 

faces of the cylinder, cylinder head and piston, during the admis- 

sion period. This loss in the compound is only about one-half 

what it is in the simple engine, and there is a corresponding gain 
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in economy. In a still more marked degree this loss is cut down 

by the triple- and quadruple-expansion engines. Where a simple 

engine will give a horse power for from 3 to 8 1-2 lb. of coal 

“we may expect that a compound will give the same power for 

from 2 to 2 1-2 lb., a triple for 1.8 lb. or less, and a quadruple 

for 1.5 lb. or less. The detailed explanation of the causes of this 

gain would occupy more space than we can give here. 

Another point which may be mentioned is that the compound 

marine engine has usually two cranks and gives therefore a 

more uniform turning effort on the shaft than a single engine. 

This result might, however, be attained by the use of two simple 

engines, so that it is not a necessary advantage of the compound 

system, but rather a result which naturally goes with that type. 

With the triple- and quadruple-expansion engines the crank 

effort is similarly made still more uniform, by the additional 

cranks distributed uniformly around the circle. 

Q.—Given length, beam and draught of hull, and 
diameter, pitch.and revolutions per minute of pro- 

peller, how can the approximate speed of a vessel be 
determined? What is the usual pitch of propellers for 
launches, both solid and reversible? DUNRAVEN. 

A.—The speed of a ship depends on her length, beam, draught 

and form, together with the I. H. P. and propeller efficiency. 

You do not refer to the I. H. P. in your question, though it is 

naturally one of the fundamental quantities upon which the 

speed depends. So far as the dimensions of the propeller are 

concerned, and assuming that it is working at a fair efficiency 

and an apparent slip of 15 to 25 per cent, an approximate value 

of the speed would be found by multiplying pitch by revolu- 

tions, the product by (1 — slip ratio), and reducing the result to 

miles per hour by dividing by 88, or to knots by dividing by 101.3. 

Thus with pitch 3 ft., revolutions 300 and slip .20, the speed 

would be given in miles by: 

V = (800 X 8 X .80) + 88 = 8.18. 

There is no possible answer to your last question regarding the 

usual pitch of launch propellers. From 18 in. to 5 ft. will cover 

the usual range of values. 

Q.—What would be the proper amount of lead for a 
slide valve on a steeple compound 24 in. and 42 in. by 
30 in. engine used in a tug for heavy towing and turn- 
ing about 84 revolutions per minute? H. D. W. 

A.—The information you give is insufficient as you say noth- 

ing about the valves, size of ports, ete. As a guess we would 

say that 1-8 in. lead would probably be correct in the case you 

mention. 

Obituary. 

Chief Engineer Robert R. Leitch, U. S. N., retired, 
died on March 14 at the Brooklyn Hospital after an 
operation for appendicitis. He had been ill but four 
days. Mr. Leitch was forty-nine years old. He was 
graduated from Annapolis’ in the class of ’71 and 
stood at its head. He was appointed Second Assistant 
Engineer in January, 1874, Assistant Engineer in Feb- 
ruary, 1874; Passed Assistant in January, 1879, and 
Chief Engineer in September, 1894. He was retired in 
1896 on account of ill health. At the beginning of the 
war he re-entered active service and was assigned to 
duty at the Pensacola Navy Yard. He leaves a widow. 
The interment took place in Baltimore, the birthplace 
of the deceased. 

Assistant Naval Constructor Robert Dashiell died 
in Washington, D. C., March 8 of cerebro-spinal menin- 
gitis, after being ill three days. He leaves a widow 
and three young children. Mr. Dashiell, who was 
graduated from the Naval Academy in 1884, was an 
ordnance expert, and also an authority on the subject 

of docks. 

In these days of foreign service the constant trans- 

fer and change of residence of officers of both the 

Army and Navy makes it difficult for persons inter- 

ested to follow their movements. Of great assistance 

in this respect are the lists published in the Army and 

Navy Journal of New York each week. They are man- 

ifestly prepared with great care and are the most 

complete in periodical form. 
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RECENT PUBLICATIONS. 

LA GUERRA DEL 190— (The War of 190—). Lega 

Navale, Spezia, Italy. Size, 8 by 11. Pages, 75. 

With many illustrations. Paper covers. 

This little book adds another to the list of imag- 
_ inary wars written usually for the purpose of im- 
pressing upon some people or government the need of 
amore active military or naval policy. In the pres- 
ent case Italy and France are the combatants, and the 
book is written from the Italian standpoint in order to 
show the need of a more powerful navy if Italy is to 
hold the place among her neighbors which is her due. 
The cause of the war is simple and is readily found. 
The Triple Alliance is supposed to have been sometime 
broken, and Italy is left without formal ally. An 
aggressive French colonial policy and a restriction of 
the rights of Italians in French colonies leads to 
strained diplomatic relations between the two coun- 
tries. Soon a collision occurs on the frontier and by 
natural steps, in which modern sensational journal- 
ism takes no small part, the situation results in a 
declaration of war. The story of the war itself is told 
in a series of letters between the captain of the Italian 
flagship Benedetto Brin, his wife, his nephew, who is 
an officer of the general military staff, a friend who is 
captain of the Italian battleship St. Bon, and a friend 
who is a member of the Chamber of Deputies. By this 
means descriptions are given of the chief events, in- 
cluding an attack on Spezia, the bombardment of 
Genoa and Naples, the attack of the Italians on Bi- 
serta, where the exit of French war and merchant 
ships is prevented by sinking in the channel a large 
French liner, the St. Jacques, recently captured by a 
torpedo-boat destroyer, after the manner of the Merri- 
mac at Santiago. The chief naval battle is that of 
Cape Caccia, in which the Italians are successful, but 
at severe loss. This is followed by final disaster at the 
hands of the French northern fleet hitherto held -in 
reserve. Questions of tactics, of naval discipline and 
of the relations between the naval and legislative 
powers of a government are discussed in a familiar 
and pleasant manner, while the purpose of arousing 
Italy to the necessity of a more vigorous naval policy 
is kept clearly to the front. Copious illustrations are 
given of leading ships in both the French and Italian 
navies. 

“The Practice and Theory of the Injector,’ by 
Strickland L. Kneass, C. E., is without doubt the most 
comprehensive and practical treatise on the subject, 
and we are glad to note the publication of a second 
edition, with additions and revisions to date. In this 
book, while the history and theory of the instrument 
receive ample attention, it is written from the stand- 
point of the “practical man” in full and complete touch 
with his subject rather than from the standpoint of 
the theorist. In the treatment of the subject after 
developing the principles involved and pointing out 
the essential elements of the apparatus, the author 
dissects it, taking up the various tubes and studying 
their functions separately and in detail. This leads 
to a consideration of the injector as a whole, and then 
there are also notes on the selection, the determination 
of size, and matters of repair. The suggestions for de- 
termining the causes of failure are sufficiently explicit 
to enable any one with ordinary mechanical skill to 
diagnose any common ailment and to apply the proper 
remedy. In fact there is little that the working en- 
gineer desires to know about the injector that cannot 
be found in this book. It contains 158 pages, with 
many engravings and drawings, and is published by 
John Wiley & Sons, New York; price, $1.50. 

The name of President Hill, of the Great Northern 
Railway, has been associated with a project to estab- 
lish a new line of steamships to trade between Seattle, 
Yokohama, Hong Kong and Vladiwostock. 
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TRADE PUBLICATIONS. 

A neat folder, on the front of which is a fine cut 
of the yacht Susanne, is issued by Wilson & Silsby, 
announcing the removal of their lofts to new quar- 
ters especially prepared for them in the north side 

of Rowe’s Wharf, Boston, Mass. 

A pocket size slip, upon which is printed a large 
picture of a compound engine, is sent to all users who 
are interested in the marine engine, by Nelson W. 
Twiss, New Haven, Conn. The cut gives a very good 
idea of the general construction of the Twiss engine. 

“Incrustation and Corrosion” is the title on a 
pocket size paper bound book issued by the Pittsburg 
Boiler Scale Resolvent Co., Pittsburg, Pa. Those of 
our readers who have any trouble with boilers and 
who are interested in the subject of scale and corro- 
sion will find a copy interesting reading. 

“Mechanical Draft” is the subject treated in a very 
neatly printed 8-page pamphlet in two colors, issued 
by the Sturtevant Co., Jamaica Plain, Mass. Although 
the matter is stationary rather than marine, it will 
still be of much interest to many of our readers. 
Copies can be had by applying for them. 

‘“‘Electric Welding” is the title of a very neat cata- 
logue printed in two colors and sent to all inquirers by 
the Standard Tool Co., Cleveland, O. The paper cover 
is finely illuminated in silver and printed in red and 
dark green. The book is devoted very largely to de- 
scribing samples of welding which are illustrated with 
much taste. 

“The Teachers’ Note Book,’’ just issued by the Jo- 
seph Dixon Crucible Co., Jersey City, N. J., should be 
in the hands of every reader who wishes to enjoy a 
good laugh and at the same time have at hand impor- 
tant information regarding lead pencils. The subject 
matter is very skilfully put together and will interest 
every person who uses a lead pencil. 

“Facts on Boilers”? will be sent by the Sumac Co., 
Ltd., Wilder Building, Rochester, N. Y., to all inquir- 
ers who are interested in the subject of the care of 
boilers. This folder gives information regarding the 
cause of boiler explosions and other troubles, and 
tells in a few words what the Sumac boiler com- 
pound is and what it is designed to do. 

A circular is received regarding the new gasoline 
engine which is being put on the market by Thomas 
P. Benton & Son, LaCrosse, Wis. This engine is of 
the vertical two-cycle type, and is fully illustrated, 
the several illustrations showing the engine from the 
smallest size up to 40 horse power. Further infor- 
mation can be had by writing for copies of these 
circulars. 

Bundy steam specialties receive much attention in 
a 40-page catalogue just issued by the manufacturers, 
A. A. Griffing Iron Co., Jersey City, N. J. These spe- 
cialties include return steam traps, steam and oil sep- 
arators, separating steam traps, etc. The catalogue is 
neatly printed on good paper and the several devices 
fully illustrated, giving altogether as much informa- 
tion as could well be asked for. 

“A Bird’s Eye View of Our Business” refers to the 
Westinghouse Machine Co., Pittsburg, Pa., which is an 
unusually neat pamphlet printed in two colors and 
devoted to the Westinghouse engines. The several 
types and styles of engines are particularly well 
shown by fine half-tone engravings. These include 
several direct connected electric plants, which will be 
of much interest to many of our readers who have 
to do with electric lighting on board ship or in the 
shipyard. A good deal of information is given re- 
garding the Westinghouse gas engine; also regard- 
ing the refrigerating process. Copies of this book 
should be in the hands of all of our readers, and may 
be obtained from the Pittsburg office or from West- 
inghouse, Church, Kerr & Co., 26 Cortlandt street, 
New York. 
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“Wessels Owned on the Pacific Coast and Hawaiian 
Islands” is the title of an 80-page paper bound book, 
6 by 9 in. in size, issued by the Commercial Publishing 
Co., 34 California street, San Francisco, Cal. Many 
of our advertisers and readers who wish to send out 
circulars, or for other purposes wish to reach shipping 
people on the Pacific coast, will find this book of much 

value, as it gives a complete list of vessels document- 
ed at San Francisco, Puget Sound ports and all other 
ports on the Pacific coast of this country; also in 
Honolulu, the list being compiled from official sources. 
The price is only 25 cents. Copies can be had from 
the Commercial Publishing Co. 

““Architects’ and Engineers’ Electrical Bulletin 
for February” is a very handsome publication issued 
by the Sprague Electric Co., 20 Broad street, New 
York. It comprises about 75 pages, 9 by 12 in. in size, 
bound in very handsome green paper cover which is 

printed in dark red and gold. The table of contents 
is varied and contains much valuable information, 
such as electricity as applied to automobile carriages, 
electric railways, electric heating, the running of ex- 

haust fans, together with information on wiring prac- 
tice, electric motors, generators, ete. Copies will un- 

doubtedly be sent to all of our readers who write and 
mention Marine Engineering. 

Graphite paint is very thoroughly discussed in a 

catalogue of 106 pages, 6 by 9 in. in size, and very 
handsomely printed on coated paper, issued by the 
Detroit Graphite Mfg. Co., Detroit, Mich. A good deal 

of information is given regarding graphite and the 
manner of preparing it for paint, and there is much 
detailed information regarding the subject of paint, 
especially that made from this mineral. About sey- 
enty-five pages of the catalogue contain large pictures 
of battleships, lake and other vessels, bridges and 

prominent buildings where paints and other graphite 
products of the Detroit company have been used. The 
first picture is a large and very handsome one of the 
Waldorf-Astoria hotel. Our readers will find this cat- 
alogue worth sending for. 

“The Test of Time” is the title of a very handsome- 
ly published and illustrated catalogue of 64 pages, the 
fourth edition of which has just been issued by Oster- 
moor & Co., 116 Elizabeth street, New York. It con- 
tains a great deal of information regarding the patent 
elastic felt mattresses manufactured by this company. 

Many illustrations show the different styles of mat- 
tresses; also pillows in many forms and shapes. 
Many testimonials from yachtsmen and others are 
given, and there is much information regarding the 
life-saving mattresses which this company manufac- 

tures. The mattresses are used in the Light House, 
Life Saving, Coast Survey and many other depart- 
ments of the Government, as well as on many coast 

lines of steamships, lake steamers, Hudson river boat 
lines, ete. Particular attention is also given to a de- 
scription of cushions and upholstery for yachts, a 
special advantage being that they can be used as life 

preservers. Copies of the catalogue can be had from 
the company by mentioning Marine Engineering. 
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Graphite 

Lubrication 

covered. It is not affected by heat or cold, 

acids or alkalies. 

engineer. 

Largely increases the lubricating value of titled “Your Chance Has Come,” tells of the training 
all oils or greases. 

_ Will cool bearings and stop ‘‘groaning”’ or 

squeaking when all other lubricants fail. 

It will pay you to send for Sample 

and Pamphlet. No charge. 

JosePH Dixon GRUCIBLE Co,, Jersey City, NJ. 
The advantages of the Mississippi safety water- 

tube boiler are set forth in much detail in a catalogue 
just issue by the Mississippi Safety Water-Tube Boiler 
Co., 904 Olive street, St. Louis, Mo. This is one of the 
recent boilers in the marine field, and special atten- | 
tion is given in this catalogue to the question of circu- 
lation, dry steam, accessibility for repairs, economy, 
light weight, etc. A number of pictures tell plainly 

the general construction of this boiler. 
“Hardening for Business and Hard Facts” is the 

title of a pocket sized pamphlet issued by Loring, Coes 
& Co., Worcester, Mass. It is devoted especially to 

_ the pyro-calcic hardening and annealing process 

adopted by this firm. The pamphlet is very neatly 
illustrated and printed in two colors. The text gives 
a good deal of information regarding the hardening 

process and the results obtained. This process can 
be applied to special tools and to almost any kind of 

metal. 
“Pantasote,”? stamped in gilt on a Pantasote bound 

pamphlet, is descriptive of the peculiar quality of this 
material. Pantasote is especially adapted for up- 
holstering cushions and furnishings on board yachts 
and ships and for a great many other purposes, in- 

eluding the binding of books and other uses which 
are told of in this pamphlet, which is lithographed in 
three colors. Copies of this pamphlet and more 
detail regarding the material can be had from the 

Pantasote Co., 29 Broadway, New York. 
Yachtsmen and others interested in the subject of 

an engine that is simple and easily handled will want 
to send for a catalogue of the Knickerbocker, manu- 
factured by the Knickerbocker Engine Works, Hart- 
ford, Conn. This engine is made either simple or 
compound, as described and fully illustrated in the 
catalogue, and needs no more attention than to see 
that oil is in the oil cup when the engine is started. 
As shown in the advertisement of this company, the 
Se is controlled entirely by a lever in the pilot 
ouse. 

} edition. 
1 voted to the subject of fans, and all kinds of blowers 

} are shown in these pages, with many diagrams and 

f ography, etc. 
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“Steel Plate Fans”’ is the title of a catalogue of 132 
} pages, of which the B. F. Sturtevant Co., Jamaica 

Plain, Mass., has found it necessary to issue a second 

As its title indicates, the catalogue is de- 

tables regarding capacity, etc. The subject matter 
will interest many of our readers who are interested 

/ in the subject of mechanical draft or the ventilation 
H of holds or buildings. 

“The Bullard Book” is a beautifully printed 7 by 10 

j in. catalogue devoted to machine tools manufactured 

f } by the Bullard Machine Tool Co., Bridgeport, Conn. 
There is no substance known so smooth or | 

Dixon’s Pure Flake Graphite. | ality. 
aD enduring as Si P | book is bound with a silk cord, with a handsome cover 
It is the best solid natural lubricant ever dis- } printed in two colors. 

The printing and engraving are of the very highest 

The subject matter is in two colors, and the 

Any one of our readers who is 
at all interested in boring and turning mills should 

: ha H have a copy for reference, as illustrations and de- 
It is absolutely indispens- | 

able to every marine stationary or locomotive } of these mills, together with other information re- 
| garding them. 

scriptions are given of about a dozen types and sizes 

Two catalogues are received from the Internation- 
al Correspondence Schools, Scranton, Pa. One, en- 

that a number of men have secured through this 

school in mechanical draughting so as to secure bet- 
ter positions for them or bring increased salaries in 
their present positions. The subjest of mechanical 
drawing is one that will interest many of our readers, 

and undoubtedly those who are seeking information in 

this line may know some of the men this catalogue 
speaks about. The other catalogue gives a brief de- 
scription of short courses in these schools in me- 
chanical and ornamental drawing, bookkeeping, sten- 

The death is announced of Edward Smith Taber, 

president and treasurer of the Morse Twist Drill & 
| Machine Co., New Bedford, Mass., since 1868, at the 
| age of 73 years. Mr. Taber’s business career and that 

of this company are practically identical, and no 

| greater tribute to his business ability could be paid 
than the simple announcement that his business grew 
from small proportions to one of the greatest and most 
widely known of its kind, not only in this country, 

but abroad. Mr. Taber was not merely a figurehead, 
but took active part in the business of the company. 
As a representative business man, Mr. Taber was also 
connected with several of the leading financial and 
other institutions of New Bedford. His death will be 
widely regretted by a long circle of business associ- 
ates and friends. 

BUSINESS NOTES. 

ELECTRICAL EXHIBITION.—An electrical exhibition is 
to be held in Madison Square Garden, New York, from 
May 8 to June 3. Many of our readers who have me- 

chanical devices in any way adapted to electrical work 
and wishing to make exhibition should apply to Mar- 
cus Nathan, at the Garden building. 

A New LAUNCH CoNCERN.—The Western Gas Engine 

Works, which formerly had a small plant in Grand 
i Rapids, Mich., have removed to Mishawaka, Ind., and 
established a large plant, where not only gas engines 
will be built but a full line of yachts and launches can 

be supplied. This concern will make a specialty of a 
16-ft. launch which will be within the reach of all so 
far as price is concerned. 

THE DEANE PumMps.—The Deane Steam Pump Co., 
Holyoke, Mass., reports many orders lately for pumps 
of various kinds, among such being orders for two 
large vertical ballast pumps for the new steamer 
which the Union Dry Dock Co., Buffalo, N. Y., has on 
the ways. The Deane company also received the order 
for the outfit of pumps for two large steamers which 
are being built for the North German Lloyd Co., at 
Bremen, Germany. This order includes horizontal, 
duplex, bilge, feed and vertical ballast pumps. 
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MONITOR VAPOR ENGINES AND LAUNCHES.—C. B. Ster- 

ling & Co., 120 Liberty street, New York, have made 
arrangements to represent the Monitor Vapor Engine 
Co. This concern has an exhibit in its office of a Mon- 
itor engine and now has an order on hand for a 40-ft. 
launch which will be fitted with a 16-horse-power 
mogul engine. Catalogues and other information sent 
to all inquirers. 

ARTISTIC BRASS WorRK.—J. J. Ryan & Co., 68-74 West 
Monroe street, Chicago, Il1., who claim to be the largest 
jobbing brass founders in the country, and who also 
manufacture a line of babbitt metals in addition to a 
full line of brass and bronze work for marine pur- 
poses, have just completed a very effective medallion 
and series of panels in bronze to be placed on a monu- 
ment in Kansas. This order shows the scope of the 
work which this firm undertakes. 
THE BACHELDER INDICATOR.—Attention is called to 

the advertisement of Richard Thompson & Co., 120 
Liberty street, New York, who sell the Bachelder ad- 
justable spring indicator, which, with the Ideal reduc- 
ing wheel, makes a complete indicator outfit. This 
was first brought out about eight years ago by Mr. 
Thompson, and has lately been fitted with all the latest 
improvements, parallel motion, drum spring, ete. Full 
information can be had by writing. 

CoLpD GALVANIZING PROCESS.—We are informed that 
the Standard Oil Co. has adopted a cold process for 
galvanizing in its works at Bayonne, N. J., replacing 
the old style of doing this work. This indorsement of 
the cold process is very gratifying to the owners of the 
process, the U. S. Electro-Galvanizing Co., 346 Broad- 
way, New York. This company is now selling rights 
to introduce the system. Full information can be had 
regarding it by writing to the company. 

To FILL up CHEcKS.—A composition designed espe- 
cially for filling up and smoothing over checks and 
cracks in masts, booms and other wood work is offered 
by Cole & Kuhls, foot of Twenty-fourth street, Brook- 
lyn, N. Y. This composition has been used on many 
of the best-known yachts and vessels in the country, 
and the fact that duplicate orders have been received 
in many instances is significant. This composition is 
not affected by temperature, as it shrinks and expands 
with the wood. Any one interested in the subject can 
secure full information, with sample enough for a test, 
by writing to the manufacturers. 

SHEAVES WITH METALINE BUSHINGS.—The Boston & 
Lockport Block Co., Boston, Mass., informs us that it 
has been compelled to make a large addition to its 
plant in East Boston, both in building and machinery. 
This enables the company to carry a larger stock, and 
to execute orders for special blocks with greater facil- 
ity than before. The coming year will be the twenty- 
fifth anniversary of the introduction of the celebrated 
metaline bushings into block sheaves, shown in the 
advertisement elsewhere. As business improves the 
company notes a change from the cheaper class of 
blocks to a better class, which seems to be encour- 
aging, since any attempt to reduce the standard 
strength and quality of such an article as a block 
ought never to have favorable consideration. 

April, 1899. 

TWO PAINTS IN MARINE PAINTING. 

The kind of paint used on a ship’s hull and its effect 
upon marine growths are important considerations, bear- 
ing upon the ship’s speed and thus, directly, upon its 
earning capacity. 

That paint which presents the smoothest surface, 
least retards the motion of the ship through the water 
and affords the poorest lodgment for marine growths. 

Of all the oil paints there is but one which retains its 
gloss and its smooth surface in the presence of salt water, 
and that is Zinc White. Red Lead (the old favorite), 
has but little gloss when first applied and quickly decays, 
but if the red lead be combined with a fair proportion of 
Zinc White, the coating obtained is smooth and glossy 
and remains so. Any other marine paint is similarly 
improved by the addition of Zinc White. 

For ships’ interiors, it is generally recognized that no 
other pigment will hold its color. Zinc White is an 
essential constituent of all marine paints, whether for 
interior or exterior use. 

THE NEW JERSEY ZINC COMPANY, 

52 Wall Street, New York City. 

ADVT. 
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MARINE HNGINES.—Attention is called to the adver- 
tisement of the Morris Machine Works, Baldwinsville, 
N. Y., which build a line of high-speed simple and 
compound engines from three-horse-power upward. 
The intention of the builders is to secure a staunch 
engine and at a price within the reach of all. This 
concern also makes a full line of centrifugal pumps 
for all purposes. Many pumps of this make are used 
in the U.S. Navy. 

A Busy SHop.—The Columbia Engineering Works, 
Imlay and William streets, Brooklyn, N. Y., report the 
past year as one of the busiest ones in the history of 
the establishment. This company thoroughly over- 
hauled the U. S. army transport Berlin, and did a great 
deal of work on the Mississippi. One of the latest jobs 
was extensive repairing to the 8.8. Catania. This com- 
prised overhauling machinery and boilers, fitting on 
new funnels and doing other work. This establish- 
ment also fitted the Munson liner Ardanmhor for a 
cattle ship, and.is overhauling the tramp steamships 
Thomas Mellville, Lauenberg and Birchtor. 

over. 
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VOLTMETERS, AMMETERS, MILLIVOLTMETERS, VOLTAMME- 
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Our Portable Intruments are recognized as THE STANDARD the world 
Our VOLTIMETERS and APIMETERS are unsurpassed in 

point of extreme accuracy and lowest consumption of energy. 

Weston Standard BRE Direct Reading WESTON ELECTRICAL INSTRUMENT CO., 

if4-120 William St., NEWARK, N. J., U.S. A. 
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HAVE YOU TRIED IT ? 
EUREKA YY) Many Engineers say it wears 

was fully 3 times fonger than any 
other, and keeps the rod in splendid order. If you use a 
flexible PACKING, it will pay you to try EUREKA. We are 

~ sending out a tony photo on 8x10 
cardboard for one 2 ct. stamp. 

SEND FOR ONE. 

INDICATORS. Push your- 
self ahead by owning one. 

We will make price meet your 

views. 

SEND FOR CIRCULAR. 

Jas, L. Robertson & Sons 
218 Fulton St., NEW YORK. 

BOSTON 
Branches | PHILADELPHIA 
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A New Merat PorisH.—A new metal polish is of- 
fered to the public by the Aleo Vapor Engine Co., 
Jersey City, N. J. This polish leaves an oily fin- 
ish on whatever metal it is applied to, protecting it 
from the action of salt water. 

THE INpDICcATOR.—Almost every marine engineer 

knows the value of an indicator and will appreciate 
the many new features which have been adopted in 
the Robertson-Thompson indicator, manufactured by 
James L. Robertson & Son, 218 Fulton street, New 
York. This firm is always ready to interest inquirers 
and give information relating to these indicators. 

A LARGE LAUNCH WITH GAS ENGINE.—The Racine 
Yacht & Boat Works, Racine Junction, Wis., has nearly 
completed a 47-ft. launch for Quebec parties which is 
designed to make 12 1-2 miles an hour. It is equipped 
with a 20-horse-power gas engine, and will have a 
32-in. wheel. Besides large launches with gas engines 
this company makes a specialty of everything in the 
way of boats or launches. 

REFRIGERATING 
FOR MARINE SERVICE. 

BOSTON. NEW YORK. DETROIT. 

| & [Vie. Co., 

| complete refrigeration and ice-making plants. 

PITTSBURG. 

Westinghouse Clectric 

PITTSBURG, PA. 

MACHINERY 

We make a specialty of contracting to furnish everything that is necessary for 

Our belt driven compressor is un= 

| equalled. We also build steam and gas engines and mechanical draft apparatus. 

_ WESTINGHOUSE! MACHINE CO. . . Manufacturers. 

CHURCH, KERR & CO. . Engineers. 

PHILADELPHIA. CHICAGO. 

and all Foreign Countries. 

GENERATORS 
MOTORS 
SWITCHBOARDS 
COMPLETE PLANTS 

And all Principal Cities in U. S. and Canada. 

Westinghouse Electric Co., Ltd. 

32 Victoria St., London, S.W. Engiand. 
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PUMPS FOR THE “MAINE.”—In addition to the order 
for pumps for the Russian war vessels which the 

Cramp Shipbuilding Co. recently placed, the Snow 
Steam Pump Works, Buffalo, N. Y., have received the 

order for an outfit of pumps for the battleship 
“Maine.” These include pumps for all the various uses 
on the ship. 

MACHINE Toois.—A full line of machine tools for 

both wood and metal working is offered for sale and is 
always on exhibition by J. W. Cregar in the machin- 

ery department of The Bourse, Philadelphia, Pa. This 
is a special machinery sales agency, and includes the 
tools of most of the leading builders of the country. 

Mr. Cregar can supply a complete outfit of tools, from 

a small repair shop on board a ship to the equipment 
of a large shipyard. 

NON-MAGNETIC WATCHES.—Every engineer will ap- 
preciate the possibility of damage to a high-grade 
watch on board ship or elsewhere where electricity is 

used, and will, therefore, be interested in’ the non- 

magnetic watches offered by A. C. Becken, 103 State 
street, Chicago, Ill. These watches are not only so 
constructed that they cannot be affected by electricity, 

but they are “‘adjusted” to temperature and have many 

other of the special features of the high-grade watches. 
They are sold at a very moderate price. Circulars and 
full information regarding them can be had by writing 
to the manufacturer and mentioning Marine Engineer- 
ing. 

SPECIAL NOTICES. 
Announcements under this heading will be inserted at the uni- 

form rate of thirty-three-and-a-third cents a line, Lines average 
ten words each. 

SHIP DRAFTSMAN SEEKS POSITION. 

A college student who has had experience as a ship draftsman 
desires a position. Address “DRAFTSMAN,” Station A, Boston, 
Mass. 

SALESMAN WANTED. 

A prominent petroleum refining company desires the seryices of 
a competent man to sell oils for marine use. Good position to the 
proper party. Address “S, care MARINE ENGINEERING, 

a See pelts: World Building, New York. — 

LAUNCH HULL FOR SALE. 

A launch hull for sale; in first class order, one year old, 25 feet 
over all, 5 feet 6 inches beam, 23 inches draught; suitable for gaso- 

Address, J. F. ROGERS, 2605 Claremont 

A fine yacht, 50 feet over all. Able seaboat, compound engine, 
water-tube boiler, quarter boats, awning, and everything complete; 
for sale at a great bargain. 

STEAM YACHT, care MARINE ENGINEERING, 
World Building, New York. 

A THOROUGH SHOP MAN SEEKS ENGAGEMENT. 

A man who has made a practical study of shop accounts and is 
able to show daily cost of all work in hand, will soon be open for 
an engagement. The advertiser is known as a successful engineer; 
is able to take entire charge of an engineering business where first- 
class work is required. He is acquainted with the requirements of 
governmental work. He leaves his present business as he differs in 
a friendly way from his associate as to future policy; is a thorough 
shop man. Address ** ENGINEER,” care of MARINE E YEERING. 

THE BEST.... 

CAPS, 
EMBLEMS, 
UNIFORMS. 
WARNOCK 

New York, 

19 & 21 W. 3ist St. 
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THE TAYLOR WATER-TUBE BOILER.—The late owner of 
the yacht Azalea, in a letter to the Detroit Screw 
Works, Detroit, Mich., refers to a “brush” with the 
fast steamer Frank H. Kirby, and said: “The fact is 
that we just played with the ‘Kirby’ all the way from 
Put-in-Bay. To judge from the rapid way in which 
we left her on the ‘homestretch,’ my opinion is that 
we can beat her at any time, barring accidents, and the 
way the Taylor boiler steamed when we put the blower 
on full was a caution.” 
BETHLEHEM AS AN INDUSTRIAL CENTER.—The Board 

of Trade of Bethlehem, Pa., is making a most com- 
mendable effort to direct attention to that city as a 
site for industrial works, where metal working espe- 
cially can be carried on to much advantage. The place 
is already well known as the home of the great Beth- 
lehem Iron Works, where so many beam forgings have 
been made for war and merchant vessels. Manufac- 
turers interested in this subject should write to A. C. 
Graham, Secretary of the Board of Trade, South Beth- 
lehem, Pa., who can give information. 
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Erie Basin Iron Works, Talleres y Fundicion 
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NEW “COLD” PROCESS OF GALVANIZING. 
In use for more than two years with best and absolutely satisfactory results. ni J 

description, springs, locks, artistic metal articles, can be gal- process, such as screws, nuts, cutting instruments, tools of eve 
vanized in a superior manner by this process. 

We grant licenses for territory, also shop rights on royalty basts. 

The multitude of articles that can be galvanized is without limit. 
surface is preserved, thickness of coating can be regulated, saving of spelter about 80 per cent., besides many other advantages. 

GALVANIZING DONE AT OUR PLANT, 9-11 Franklin St. 

U.S. ELECTRO CGALVANIZINCG CO., 348 Broadway, New York. 
CLULRWRUWUWUDWURVWUOUVB WOW WUUWUUUUVUWUUUWUVUUWUVUVUUUWUUVVVUVVUVUVUVUVUUVVUVUVWOWWUVA 

Articles that cannot be galvanized by any other 

Uniformly smooth 



April, 1899. MARINE ENGINEERING. 57 

RAINBOW PACKING , 
Makes a Steam Joint Instantly. 

THE COLOR OF RAINBOW IS RED. 
HONEST JOHN. 

NOT AFFECTED RAINBOW PACKING 

BY OILS, HAS 3 ROWS 

AMMONIA OF DIAMONDS IN 

LIQUORS, BLACK EXTENDING 

STEAM HEAT OR me THROUGHOUT THE 

ALKALIES, é ENTIRE LENGTH 

None genuine W OF EACH AND EVERY 
without the 
Trade-Mark. ROLL. 

Fac-simile of a Roll of Rainbow Packing. 

asses Who invented and who is the only man in the 
GU- > Ny y 
=—s— D2 world who can make or ever has made 

Rainbow Packing. 
RAINBOW GASKETS are especially adapted for Low 

Pressure Steam and Hot Water Heating Apparatus. 

PEERLESS DISCS for Russell, Frink, Walworth, 

Jenkins, Lorain and Kelly & Jones Valves. 
MIR. JOHN H. DEMING, 

General Superintendent Peerless Rubber Manufacturing Co. 

“HONEST JOHN.’’ 
x 

5d 

Made in both Once Tried, 
Straight and i | Always Used. 

Spiral Form. iS / l Hie Wy y ) d Wy y Put up In Boxes 

S 4 z z ; ” 

i . HYDRAULIC RAINBOW CORE PACKING. 
THE BEST HYDRAULIC AND CHOTED WA AALOTS PACKING IN THE WORLD. 

Etercules Combination. 

Leaves the 400 Ibs. 

Stem Clean. « eg Steam. 

Metallic Stop Valve Packing. 
SEND FOR CATALOGUE. 

Patented, Copyrighted and Manufactured Exclusively by ——_®& 

THE PBERLESS RUBBER MANUFAGTURING GO., 
16 Warren Street, New York. 

16-24 Woodward Ave., Detroit, Mich. 202-210 So. Water St., Chicago, Ill. 

17-19 Beale St., and 18-24 Main St., San Francisco, California. 
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SF ECIAL 

FEATURES 

We offer the only Steam Pump having a flat-faced or Slide Steam Valve, with a minimum of clearance, which will not strike 

the heads under full steam, where the pump is in labor and the suction may become 

broken, or that will not injure itself from load to no load. 

wes UNION STEAM PUMP CO,, ‘ie st " 

MORSE, WILLIAMS & CO.,, Puivaperpuia, pa. 

cee Elevators 12,000 IN USE 

SPECIALTY- IMPROVED 

50 6 UONIDILJINY 5 G6 

WORM GEARING. 

HAVE BUILT GEARS FOR 

U.S. Battleships, 

Calumet & Hecla Smelting Co., 

Deadwood & Delaware Smelting Co., 

Bath Iron Works, 

International Navagation Co. 

FOR EXPORT: 

P. R. Jackson & Co., Sheffield, 

Arthur Lee & Sons, Sheffield. 

Gildemeister & Co., Bielefield, Ger. 

Roland Remy, Torino, Italy, 

and many others. 

SEND FOR CATALOGUE AND GEARING LIST. 
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Light for the Night. 

Power for the Hour. 

THE BEST OUTFIT FOR REVENUE SERVICE. 

Lights Instantaneous. 

Power Noiseless. 

HIGH TENSION ELECTRIC STORAGE CO, 

819--822 Heed Building, 

1215--47 FILBERT STREET, 

PHILADELPHIA. 

Factory: SONDERTON, PA. 

Compact 

Light 

Quiet Running 

Substantial 

Reliable 

Efficient 

FOR LIGHTING AND POWER PURPOSES 

ON STEAM VESSELS. 

ELECTRIC LIGHTING AND POWER 
Transmission Systems. For shipyards, Factories, etc. 

ENGINE and BELT TYPE GENERATORS 
Of Latest Approved Types. 

ELECTRIC MOTORS 
Of all the Modern Classes. 

MARINE ENGINEERING. 59 

Marine Engineers, 
Electricians and 
Dynamo Tenders 

WILL APPRECIATE THE 

ADVANTAGES OF .... 

WATCHES 
The rapidly increasing use of Electricity on board ship 

and in shipyards in its multiform applications, makes a 

watch which is impervious to magnetism an absolute neces- 

sity for those who require accurate time-pieces to be de- 
pended upon under all circumstances. 

Ask your Jeweler for the celebrated Non-Magnetic 
Watches, containing Paillard’s Patent Non-Magnetic Com- 
pensation Balance-and Hairspring, which are uninflu-= 

enced by Magnetism or Electricity, and will not rust 

nor corrode. 

These watches made by the most approved machinery 

and finished by skilled labor, are unsurpassed for durability 

and accuracy of performance. 
Every watch warranted to give perfect satisfaction. 

Do not accept a substitute; if your Jeweler can not 

supply you, we will furnish you the addresses of repu- 
table Jewelers who can. 

A. C. BECKEN, MANUFACTURER OF 

Che C. § C. Electric Company, Paillard Non-Magnetic Watches 
MAIN OFFICES: 143 LIBERTY STREET, NEW YORK, 

OFFICES OR AGENCIES IN LEADING CITIES. 
103 State St., Chicago, Ill. 
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HOWDEN HOT DRAFT. 
TOTAL INSTALLATIONS THROUGHOUT THE WORLD, 

803 Sreamers--2,424 200 Horse Powsr. 
TOTAL INSTALLATIONS BY THE 

Dry Dock Engine Works, Detroit, Mich. 
64 STEAMERS--78,010 HORSE POWER. 

The engine and blower for supplying the draft can be placed in any 

convenient place, preferably in the engine room. The hot air from the 

engine room is taken in and forced through the air heater, where it is 

heated by passing among vertical tubes, through which the escaping 

gases from the boiler pass. The heated air is led down in ducts around 

the breeching and delivered under and over the grates in sufficient 

quantities to get perfect combustion. This is the general principle of the 

Howdensystem. Reading matterand description furnished on application. 

Diagram showing the increase of HOWDEN equipments by us for the first six years. 

| 89° ENS eee | | (Beebhe: ! | ! | ! | ! | ' \ y H } ! | { 
: ! \ } I ' | 

394 es 115.264 H.P 
l | 

I | ! | | 

1895 | 196.671 H.P 
| : ! | | 
\ ' | ! H ' I { \ | | 

09: Le a TTT, 143.224 H.P 
| I f] I | | | | 

! 
I 

164.100 H,P 

| 
| 
1 
1 78.010 H.P, ' ' ' 

1898 LLL LL EE 
HORSE POWER 10,000 20,000 30,000 40,000 50,000 60,000 70.000 
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EVERY ENGINEER 
Is annoyed with leaky valves. There’s no valve made but what will leak sometime. People who know 
the Morse and Dexter Machines for reseating valves find them indispensable. %& % % % % &% 
To quote the Girard Iron Works (who have an outfit from J-4 in. to J2 in.): “We never had any 
machine of any description about our plant that we found as useful and economical; it enables us to keep 
the valves in perfect condition.” sek ee eH 
Having made a study of the requirements of Marine service, our machines are particularly adapted to 
repair valves used on naval and ocean steamships, and are in use in every Navy Yard in the United 
States, and on board one hundred and twenty-five Battleships, Cruisers, and other Naval Service. % 
Our new catalogue, showing our latest production for repairing all valves and their discs, J-4 in. to J2 in., 
contains half-tones of several Battleships that are equipped with these machines. We will gladly mail this 
catalogue to all whoareinterested. *% *% *% *% XB HXHMerAMAKA AKL H MAM MH 

THE LEAVITT MACHINE COMPANY, 
ORANGE, MASS. 

STURTEVANT. 
GENERATING SETS 

Made in 8 styles and 50 sizes. 
1% to 100 K. W. 

With Vertical and Horizontal Engines. 

WE ALSO MAKE... 

Electric and Steam Fans 
for Boiler Draft or 

Ventilating Work. 
HEATING APPARATUS. 

STEAM ENGINES, ETC. 

B. F, STURTEVANT CO. } 

| Sea CT me = BOSTON NEW YORK 
Se SE ee PHILADELPHIA CHICAGO 

| : Se oot Stated LONDON BERLIN 

| 
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THE en 

UNITED STATES 

METALLIC PACKING CO. 
PHILADELPHIA, PA. 

WM cE a Ve will 

J c Z
S 

Send for Price List 

This IS a METALLIC Packing 
And not an apology for one which requires soft packing 
to make it tight. No fibrous material is used. Hot rods 
are unknown. It can be used with old stuffing box and 
gland without alteration. Renewals when necessary on 
account of wear can be easily and cheaply made. 

The U.S.8. “Helena,” lately arrived at the Philippines, is equipped with our packing 
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RANDOLPH BRANDT, 
38 Cortlandt Street, New York. 

££ # 

SPECIALTIES. 

SELDEN’S 
PATENT 

PACKINGS 
are made either 
with arubber 
core or a canvas ; 
core and will keep stuffing boxes tight with less friction 
than any other packing. 

BRANDT’S TRIPLE EXPANSION 
GASKETS 

are the best man-hole anc 
hand-hole gaskets for hig 
pressures. 

yBRANDT’S PUMP 
VALVES will stand hot 

- water and oils. 

The best grades of Rubber Hose, Joint Packings 

and other Engineers’ Stores. 

Orders filled promptly and satisfaction guaranteed. 

Your trade is solicited. 

\) 

= ; 7 | 

= Every Engineer 
ie Should write tor a copy & 

= of our new and interesting Catalogue of 

‘Packings 
3%2’x6"~36 pages MAILED FREE. =i 

’ = @ : i 

Boston Belting Co. 4 
James Bennett Forsyth, Mfg. Agt. and Gen. Mgr: j 

Manufacturers of HIGH GRADE BELTING, 
HOSE, VALVES and MECHANICAL 
FRUBBER GOODS FOR ALL PURPOSES. 

MARINE ENGINEERING. 65 

Duval METALLIC Packing 
THE BEST IN THE MARKET FOR HIGH 

STEAM OR HYDRAULIC SERVIGCE........ 

SAVES TIME 
MONEY 
MACHINERY 

Now in use under 300 Ibs. Steam 
and 4,000 Ibs.Water Pressure. Seven 
years’ continuous service without re- 
newal or attention. Can be removed 
and replaced without difficulty. 

NO SPRINGS. FITS ANY BOX. 

For Information and Gatalogue apply to 

Tue Duvat Merattic Packine Co,, 
126 Liberty Street, NEW YORK. 

KATZENSTEIN’S 
RAETALLIC PACKINGS 
Of different designs for stuffing 
boxes of engines, pumps, etc. 

Flexible Tubular Metallic Packing 
for Slip Joints on Steam Pipes. 

Metallic Gaskets for all kinds of 
Flanges. 

Highest Grade Anti-Friction Metal 
for Bearings. 

Patent Automatic Life Boat De- 
tacher. 

Patent Duplex Water Tight Com- 
partment Doors. 

L. KATZENSTEIN & CO., 
General Machinists’ and 

Engineers’ Supplies, :: 

357 WEST ST., NEW YORK, U.S. A. 

A GOOD ARTICLE 

IS ALWAYS APPRECIATED 

AND FREQUENTLY IMITATED. 

Garlock’s are honest Packings, honestly 

made of superior Stock. Hence their 

success and popularity with engineers 

generally. That they have beem imi- 
tated, speaks plainer than words, that 

they are durable and of good quality. 
Do not let your dealer palm off on you 

the “other” kind, claiming it to be just 
as good. Do not be deceived, but insist 
on having Garlock’s and take no other. 
If you cannot obtain it, write direct to 

our nearest office. 

New York Pittsburgh 
Boston Cleveland 

BOSTON, NEW YORK, BUFFALO Chicago Denver 

Cob Deore oe MEO Ss Co earlot Philadelphia St. Louis 
CHICAGO, NEWORLEANS, SAN FRANCISCO, 

109 Madison St. 316 -3/8. St Charles St. 24 Fremont St Cai Oise 

Main Offices and Factories: 

PALMYRA, N. Y. ROME, GA. 
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If you are dissatisfied 
with your situation, your sal- 

ary, your chances of complete 
success, write to The International 

Correspondence Schools, Scranton, Pa., 
and learn how others so situated are getting 

An Education by Mail} 
Students in the courses of Mechanical or Elec- 

trical Engineering, Architecture, or any of 
the Civil Engineering Courses are 

soon qualified for salaried draft- 
a) ing room positions. Write 

for pamphlets. 
The International 

Correspondence Schools, 
Box1111 

Seranton, 

ENGINEERING. 67 

“To Whom It May Concern.” 
There is nothing more important about an engine than the 

bearings. Ifthe manufacturers of engines of anv kind will con- 
sult us in regard tosame, we will give them an Anti-Friction 
metal for wear and durability that can not be excelled. 
For marine engines our 

WHITE BRONZE 
is the best; contains no lead, and will not mix witha metal that 
does. Its specific gravity is lighter than any ‘‘Genuine.” We 

} have on hand all grades of Babbitt and Anti-Friction metals, 
H copper-hardened down to 8c. per lb. All of our metals run as 

freely as the wearing properties put into same will permit. 
Write us, those of you who are interested in the use of good 

} metals. 

PITTSBURGH WHITE METAL C0., 
PITTSBURGH, PA. 

SSSSESSIGSG_G|SAGAGAgAagOAgAgAQAOQ\QaQoQoQ oo 

THE AMERICAN CONDENSER, 
Its cooling surface is constructed with [J bends, both ends of which are 

fastened to same tube sheet, which overcomes all trouble from expansion 

and contraction, and allows of the removing of the cooling surface if required. 
The Mechanic or Engineer will at once be convinced that the AMERICAN is far 

Superior to any Condenser on the market. 

PROFESSIONAL CARDS. 

GARDNER & COX, 
Navat ARCHITECTS, ENGINEERS AND YACHT 

BROKERS. 

1 Broapway, New York. 

WILLIAM GARDNER. 

IRVING COX. TELEPHONE CALL, 2007 BROAD. 

GUSTAY HILLMAN, 
Navat ARCHITECT. 

Designer of all classes of Vessels. 
Yachts a Specialty. 

470 GREENE AVE., NEAR NosTRAND, BRooK- 
LYN, N. Y. 

CONSULTING AND CONSTRUCTING ENGINEER. 
Manufacturer of Screw Propellers for 
Usual and for Special Work. 
The Allen Dense Air Ice Machine for 
Steam Vessels. 

41 Maipen Lane, New York. 

Steam 

TRADE Man. 

FLAT GUM CENTRE. 

KEYSTONE SQUARE FLAX 

JOHN M. WATT’S SONS 
113 Liberty Street, 

NEW YORK. Wedge Packing 

WORLD-RENOWNED AMERICAN 
Feed Water Heaters, Purifiers, Con- 

clensers, Economizers and Filters, 

WRITE FOR BLUE BOOK 
ON HEATING, PURIFYING, CONDENSING AND FILTERING OF WATER. 

ALSO FOR COIL LIST. 

The Whitlock Coil Pipe Co., 

CORRUGATED TUBE 

SURFACE CONDENSERS, 
10 to 2,000 Square Feet of Surface. 

No paper ferrules. No corset-lacing pack- 
ing. ‘Tubes fastened at each end with brass 
thimbles. Absolute freedom from leaky joints. 

Fund Inner 

_We also manufacture Feed Water Heaters, Expan- 
sion Joints, Corrugated Copper Gaskets, etc. 

Taunton Locomotive Manufacturing Co., 
TAUNTON, TIASS. 
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THE ONLY 
4-TONE SINGLE BELL CHIME WHISTLE. 
THE ONLY ae (ene WITH AD- 

BUFFALO 

FEED WATER HEATER 

AND PURIFIER. 

In use on over 40 steamers on the 
lakes. Under various steam pressures JUSTABLE BE 
up to 250 pounds. Send for Catalogue. Pe ea 4 TONES ‘PITCHED TO A MUSI- 

ROBERT LEARMONTH, 

200 Lafayette Ave., 

Buffalo, N, Y. 

CAN BE HEARD ATA Gees DISTANCE 
THAN 7 SINGLE-TONE 
WHISTLE 

EXTRA HEAVY FOR HIGH 
ee RE MARINE 

LERS, Mh 
SPECTAL ATR CHIME WHISTLES FOR 

NAPHTHA LAUNCHES. 

KINSLEY MFG. CO., 
Sole Manufacturers, 

Bridgeport, ~ Conn. 

Expressly for Steamships, Yachts, Launches, Etc, Polishes all Metal 
Work and Silver. Is quick, brilliant and lasting. Contains 

nothing injurious. Manufactured by 
MARINE VAPOR ENGINE CO., Jersey City, N.d., U.S. A. 

WINTERTON METAL POLISH cut ns ceusrcitenmesocm etmleceae 
Hot Metal, Cold Brass, Copper, Nickel, Silver, Iron and Steel Polish. 

IMPERIAL METAL POLISH. 66 AUROLITE” 
J MPERIAL MADE BY 

METAL THE RATH IMPROVED 

EreiTi Aen: MANUFACTURING co.| METAL POLISH 
RRADIANT IN LUSTRE. New York—Philadelphia. The best article ever produced for use 
JNSTANTANEOUS IN ACTION 18 and 20 Liberty Street, on Steamships and by all Engineers. 

i NEW YORK CITY. 
ALL METALS, HOT OR COLD. | prancock, Laurel & Second Sts, | WILL NOT MELT OR EVAPORATE. 

IQUID ‘ 
Cee OR UEASIIE piano ge Is not affected by any climate. Bright finish 

NEW YORK OFFICE: and lasting lustre. Send 10 cts. for sample 
WILLIAM E. BURTON, Ilanager. package, equal to 1 pint of liquid polish. 

EXPORT DEP’T. iel= AYROLITE CO; 
FREDERICK W. KRISTELLER. 

Remember the name IMPERIAL. PITTSBURG, PA. 

Eynon-Korting Compound Injector. 
THE BEST FOR MARINE, LOCOMOTIVE 

AND STATIONARY BOILERS. 

SED 
secu 

TED, 
STOPPED 
WITH ONE 
HANDLE. 

WILL LIFT 
WATER 
24 FEET. 

Send for Catalogue of the... 

INJECTORS CONDENSERS 

Syphons, Exhausters, Blowers, Ventilators, Blast Nozzles, Bilge-Pumps, Etc. 
(OUSECCUEEESEREEREOESEEEREEEE 

23 eae BRONZE FOUNDRY DEPARTMENT : 
Copper Castings, Phosphor and Manganese 
Bronze, Red and Yellow Brass Castings. 2% 
Capacity 10,000 Ibs. per heat. % % % ve 

Takes water at a 
temperature of 150 secs MIE! toy EYNON-BVANS PC. CO. degrees and re 

ment for steam 

NEW YORK OFFICE AND 1513 Clearfield Street, 

STORE ROOM, I07 LIBERTY ST. Boston Office, 42 OLIVER ST. Philadelphia, Pa. 

pressures varying 
from |5 to 300 Ibs. 
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The BAN OIL PUMP CO., Detroit, Mich, W. P, PHILLIPS & CO,, 
For Cylinder Lubrication of Marine, 

Dynamo, Towing and Steering MANUFACTURERS OF 

Engines and Pumps. = i OIL CUPS, 

On high speeds it has no equal. | 7 | LUBRICATORS, 

Ea) For Ollie. Pits, Caeeteate and || ll ft GREASE CUPS. 
Guides of Marine Engines. — fees 

In regulation and economy the most 
up-to-date device ever placed on 
any engine or pump. 

ENGINEERS’ SPECIALTIES, 
No. 7! Sudbury St., BOSTON, MASS. th 

| Further information for your address. 

AMERICAN PRESSURE AND 
VACUUM GAUGES 

BOURDON & LANB’S PATENTS. 

Ammonia, Hydraulic, Locomotive, and Altitude 
Gauges. Water Gauges, Gauge Cocks, Clocks, 
Counters, Whistles, Pyrometers, Chime Whistles, 
Salinmeter Pots, Thermometers, Test Pumps and 
Test Gauges, and All Kinds of Steamship 
Instruments. 

AMERICAN STEAM GAUGE CO., 34-86-88 Chardon St., Boston, Mass. 

Lunkenheimer’s 

Regrinding 
Flanged Valves 

UNION 
Made in the U. S. 

M’f’d by the 

E.M. Dart Mee, 60, 
Providence, R. I. 

S 13 7 : SS 

LG ir . 6 

pattern for 175 lbs. and heavy for 350 
lbs. working pressures. 7 to 8 inches. 

These valves enjoy an international 
reputation for superior merit and are 
endorsed by leading engineers every- 
where. Write for catalogue. 

_ a THE GRAPHITE LUBRICATING 60, 
* The Lunkenheimer Go, SOON ELEEOES ML lly Wh Ss 

CINCINNATI, O., U.S.A. 

Send for Circulars and Prices. 

26 Cortlandt St., New York. 
35 Gt. Dover St., London. 

Branches : { 

GRAPHITE AND BRONZE MACHINERY BEARINGS. 

Used on Battleships of the United States Navy. 
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ECL MARINE 

IPSE REDUCING 
Eclipses Them All. 

Xs NO 

Diaphragm, 

NO 

Stuffine-Box, 

NO 

Dash Pot, 

NO 

Only three 

working parts, 

DISK, SPRING 

and PIN. 

Send for Circulars and Prices. 

THE JOHN DAVIS CO., 
51-79 Michigan St., Chicago, Ill. 

Steam and Hydraulic Specialties. 
Received Medals and Diplomas at the World’s Columbian Exposition. 

Thousands in use all over the United States. 

tT 3 

Balanced Stop or Throttle Valve. 
These valves can be opened and closed 

with a small hand-wheel at highest pressure, 

and if desired to use these valves for thrott- 

instead of hand-uwiheel, without extra charge. Regulator for Marine Use. 
These valves will shut off perfectly tight. Connect inlet side to pipe from boiler. Open 

screut A full to the top, then set desired pressure 

mith screw H. 

made for extra heavy pressure; 

guaranteed to automatically close when 

boiler pressure falls one-half pound 

hee! and screw-spindle are for 

e construction of this valve is 

ranged so as to stand the ordinary 

valve adjusts itself to the proper open- 

ing and discharge of boiler, and 

thereby avoids the foaming, etc., of 
Ss N same. 

Automatic Check and Stop Valve, 

Every Machine sent on Trial. 

F. HENNEBOHLE, cHicags aves. 
Send for Complete Catalogue. 

CHICAGO, ILk. 

MARINE ENGINEERING. 

VALVE 

Intricate Parts, | 

| Happy 

ling engines, etc., a lever will be put on f 

| Regulator. 
For vertical pipes directly con- J 

nected to boiler, these valves are § 

| Steam below pressure in header. The hand- § 

utting off positive when desired. jf 

Isations and remain noiseless, and 

y irregular working of boiler this 

(ROSS VALVE 

April, 1899. 

IMPROVED SCOTT itazine te 
SAFETY 

VALVE. 
Is made with a 

bevel seat to an 

angle of 45 degrees, 

and has a cam lever 

for raising valve off 

its seat when no 

pressure is on, or 

blowing off all steam 

when desired, as re= 

quired by the U. S. 

Board of Supervisors 

and inspectors of 

steam vessels. 

Marine Engineers Everywhere Endorse It. 

ROE STEPHENS MFG. CO., 
DETROIT, MICH. 

SCOTT VALVE CO., CHICAGO. 

Your 

Customers 
Will 

Be 

With 

Ross a. 
i a 

a 

or 

W ater. 

TROY, N.Y. 
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IT 1S TENACIOUS, ELASTIC and FLEXIBLE! 
Perfectly Tight 

Deck Seams are 

Guaranteed 
DRA COLES ELASTIC SEAN ay ie 

AND ELASTIC. SEAM COMPOSITION "sie detec. 
They are superior to all compounds for filling deck seams. all other 

seams above or below water line, cracks and checks in rails, spars, }. 

bowsprits, ete. 

Ist. We guarantee them not to crack, crumble or deteriorate in 

any climate. 

.2d. One pound of Dr. A. N. Cole’s Elastic Seam Composition 

will fillas many running feet of seams, etc., as two pounds of the 

best lead putty. 

3d. When seams are to be re-calked the Elastic Seam Compo- 

sition can be remoyed without injury to the edg xe of deck and out- 
side planks. 

In use in the following yachts 

SOVEREIGN CORONET 

INTREPID VALIANT 

and many others. 

COLE & KUHLS, 
One Reliable Agent Wanted Sole Manufacturers, 

in each seaport town Office and Factory, Foot 24th St. 
application. Borough of Brooklyn, NewYork City, U.S.A. 

ALMY 

ELEANOR 

RESTLESS 

CLERMONT 

VENTURE 

BACK PEARL 

Samples sent free on 

MARINE ENGINEERING. 73 

BACK NUMBERS WANTED.. 

We will pay as follows for back numbers 

Of MARINE ENGINEERING. 
1897 

MAY advance a subscription 3 months. 

TUNE Se a cm 

TUNy wg 

AMS oe Gg 

Gp @ 8 ww 

OCT 4) Wi erage 
1898 

VANS a ce 

FEBS: nga i ee eae 

The numbers must be in good condition for binding. 

MARINE ENGINEERING, 

World Building, New York. 

LOST EVERY VOYAGE. 
Do you realize the great loss of heat units for every thirty- 

second of an inch of scale in your boilers? 

No reward is offered, for they are lost forever. 

The use of Sumac will prevent the deposit of scale and this loss. 

Sumac will save you fuel. 

Sold ak under “Registered Trade-Mark.” 

SEND FOR FULL PARTICULARS TO 

THE SUMAC COMPANY, 
601-603 Wilder Building, - ROGHESTBR, N. Y. 
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Hens, Gate Valves 
FOR HIGH PRESSURE STEAM. 

Balanced Expansion Joints and Flanged Fittings. 

Send for Catalogue. 

COLDWELL-WILCOX CO., Newburgh,N.Y. 

BLICKENSDERFER ia zr = — 

TYPEWRITER... wl = 2 =) as 

HIGH GRADE — < , Aa 

: LOW-PRICE = Bcokice ; 
We : ars, etc, 
© The Blickensderfer Mfg. Co. Catalog on 

STAMFORD, CONN. application. 

ee Brocdeay. 19s LaSalle'st. || RICHARD THOMPSON & CO., 122 Liberty St., N.Y. 

THE HUGHES 

IMPROVED DUPLEX 

PLUNGER PUMPS 
Are extra strong, compact and 

durable. They are externally 

packed and are particularly 

well adapted for marine service. 

Catalogue showing different 

ee styles will be sent on applica- 

ae tion. 

THE SNIDER-HUCHES CO., Coe and Hamilton Sts., Cleveland, O. 

SNO FOR ALE SHHVICES 

on't Be Misled 
into purchasing any marine pumps without first investigating 

those manufactured by us. The Worthington Twin Cylinder 

Vertical Beam Air Pump is the latest and most approved form 
- of air pump introduced to the marine 

world, and has become the recognized 

leader of its class. The more recent 

battleships of the United States Navy 

and the cruisers of the Navy of Japan 

are fitted with these machines, and with 

pumps of our make tor boiler feeding 

and general hydraulic purposes. 

The Worthington Admiralty Pump 

was especially designed to meet the re- 

quirements of the British Admiralty 

and the views of the United States 

Bureau of Steam Engineering, Itisa 

machine that occupies the least possible 

floor space and is of the lightest weight 

commensurate with proper strength. 

All of its parts are easy of access and 

constructed of the best possible quality 

The Bachelder 

ndicator and 

Ideal Reducing Wheel 
“Modelof 1899” 

Make the most com- 
plete indicating outfit 

on the market, 

= 

ry : ee Worthinet ? of material. 
BALSA PAG Vertical Beam The special experts in charge of our 

} a ap TUB yp Marine Pump Department will be glad 
. BUT a x 5 : to correspond with engineers regarding this particular service 

{ SNOW STEAM PUNP Wo and supply estimates if desired. Illustrated Catalogues will be 

: BURRALONY od cops : sent for the asking. 

; NEW YORK, ATLANTA, 

cuicaco, = HENRY R, WORTHINGTON, eirrseurs, 
SNOW STEAM PUMP WORKS, Burrato, N. Y. | st.tovis, TEA SARCH STs SAN FRANCISCO, 

126 Liberty St., New York, 946 Drexel Bldg., Philadelphia. CLEVELAND, PHILADELPHIA, PA. BUTTE. 
98 Leadenhall St., London, 
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MORAN 
Angle Joint, Showing 

Automatic Steam Trap 

Telephone Call : 
1515 Cortlandt. 

ESTIMATES FURNISHED AND 
Contracts Execureb. 

Stempel 
Fire 
Extinguisher 

Unequalled for Simplicity, Certainty, | 

Quickness, Power in Action. 

TESTED TO 400 LBS. AND FULLY WARRANTED.... ......... 

APPROVED BY PHILADELPHIA FIRE UNDERWRITERS’ ASSOCIATION, 

AND USED BY 

Pennsylvania Railroad Co. Schuylkill Arsenal, U.S. A. 
George V. Cresson Co, 
Harrison Bros. & Co., Incor. 
John T. Lewis & Bros. Co. 
Knickerbocker Ice Co. 
United Gas Imp’ment Co. 
American Pulley Co. 
Warren, Webster & Co. 
U.S: Revenue Cutter Service. 
The Imperial Japanese awe 
Frankford Arsenal, U. 

The George W. Blabon Co. 
Thos. Potter, Sons & Co. 
John Wanamaker. 
Provident Life & Trust Co. 

The Industrial Art School. 
Merion Cricket Club. 
Germantown Cricket Club. 
Colliery Engineer Co. 

CHEMICAL CHARGES FOR ALL EXTINGUISHERS. 

FIRE DEPARTMENT SUPPLIES GENERALLY. 

H. R. BENNETT, 
1217 Filbert Street, 

FLEXIBLE JOINT Fer STEAM, AIR OR LIQUIDS 
Made in all sizes to stand any desired pressure, 

MORAN FLEXIBLE STEAM JOINT CO., Inc’d. 

“ea TERE! ert BQ 

A KEASB po 
: 2 Sp 

ver 
sask EON COVERING ‘ 
7 Se 

HEADQUARTERS FOR HAIR FELT, MINERAL Woot. 

ASBESTOS PAPERS BRINE PiPE COVERINGS. ETC 

wae i iY, op Yoh Coty: v 

eset 

ist & 2d Regt. Armories, N.G.P. 

CommonwealthTitle & Trust Co. { 

PHILADELPHIA. 
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Send for reduced price list, Straight 
in effect April 1, 1898. Joint 

153 THIRD STREET 
LOUISVILLE, KY. 

Buttars otic "OMice © BRACE.) 

“Gladiator” 
ASBESTOS AND 

ASBESTO-METALLIC 

High Steam 
Pressure Packings 
Gaskets Jointings 
and Pipe 

| Boiler and Coverings 
Asbestos of 
Materials all kinds 

Factory 47 Dey St. 
CAMDEN, N. J. NEW YORK. 

ASBESTOS AIR CELL FIRE BOARD! 
(Rec. TRADE MARK.) 

For Lining of 

Bulkheads, 

For Covering 

Sieam Boilers, 
PATENTED. 

New York Asbestos Nifg. Co., 
287-291 DOUGLASS STREET, BROOKLYN, N. Y. 
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ALMY WATER-TUBE BOILER CO. 
MANUFACTURERS OF 

Almy's Patent Sectional Water-Tube Boilers 
For Marine and Stationary Work, 

Nos. 178 TO 184 ALLENS AVENUE 
(Between Rhodes and mab lic Streets), 

LONGIDISTANGECEUEPHONE: P R O V | D E N C E, R. l. 

FOR BOATS q |GLARK’S PATENT SAFETY 
ae ee WATER TUBE BOILER. 

LIGHT WEIGHT For MARINE and STATIONARY WORK. SMALL SPACE OCCUPIED 
FINE CIRCULATION 

Now Used in a Number of 

Yachts, Launches and &% 

Passenger Steamets. % % 

| Can be Re palree by Ordinary 
Mechanic. 

lau Parts Exposed to Fire 
| Covered by Solid Water 
| at all times. 

FOR CATALOGUE, ADDRESS 

| TVississippi 
a Safety Boiler Co. 

904 Olive St., St. Louis, Mo, 

MANUFACTURED BY 

EDWARD S. CLARK, 

Nos. 272-278 Freeport St., 

Harrison Sq., Boston, Mass, 

Scamless Cold Drawn Steel Boiler Tubes 
FOR HIGH PRESSURES AND EXCESS DUTY | 

.._ MANUFACTURED FROM.... 

SOLID ROUND BAR—NO LAPS, SEAMS OR WELDS. 

Cold Drawn Finish and Density of Metal prevent pitting and 
corroding. 
Only Highest Grade of Material Used. Sulphur and Phos- 

phorus guaranteed not to exceed. .025%. 
Cold Drawing Renders Metal Very Tough, Increases Tensile 

Strength and Elongation. 
Tubes do not Split or Crack when re-rolled in Tube Sheet. 
Correspondence solicited. Send us sample order and verify 

above statements. 

SHELBY STEEL TUBE CO., 
General Sales Office, AMERICAN TRUST BLDG., CLEVELAND, OHIO. 

MILLS: ELWOGD CITY, PA., GREENVILLE, PA., SHELBY, OHIO, TOLEDO, OHIO. 

Eastern Office and Warerooms: European Office and Warerooms: Western Office and Warerooms: 

144 Chambers Street, 29 Constitution Hill, 135 Lake Street, 

New York, N. Y. Birmingham, England. Chicago, Ills. 



April, 1899. MARINE ENGINEERING. 75 

THE “TAYLOR” YACHT BOILER 
Has held the record three seasons on 

the fastest yacht on the great (lakes. 

—- 

“Clara,” having 6 feet face and 8 feet length ; 37 7-12 square feet of 
grate area and 1900 square feet heating surface. Weight of boiler 
and water, 14,000 lbs. 

: mi iii 

m ts Perspective view of the 250 H. P. boiler built for steamboat 

| (UC 

2 We claim for the Boyer Sectional Water Tube 

— Boilers, that they are of an entire new design, are 

simplest in construction, are accessible to all parts, 

are rapid steamers with short circulation, have low 

centre of gravity, have no joints in the fire, have no 

Guaranteed against Rupture of Cubes. dead ends, occupy less space in width, length and 
P height tk 7 other, ily fired, b - Will not Prime in the Roughest $ea. eight than any other, are easily fired, can be re 

paired or set up by any ordinary mechanic, do not 

require a brick casing and are shipped whole or 
MANUFACTURED BY knocked down into packages for transportation by 

DETROIT 
ScREW W orKS, 

man or beast. 

RIOT OF REDAIUUN GY, Bover Parewt Secrionat Waten Tuee Bowen G0, 
DETROIT, MICH., U.S. A. 90 Wall Street, New York, N. Y. 

AIGHL 
cen | 

Che | 
Paragon 

Boiler 
IS ESPECIALLY | 

ADAPTED FOR | 
RIVER BOATS, 
STEAM CANAL 
BOATS, YACHTS 
AND ALL OTHER 

ee-y 

Che 
Paragon 
Boiler 

_ IS THE BEST BOILER 
IN THE MARKET 
WHEN THE RE- 
QUIREMENTS ARE 
COMPACTNESS and 
GREAT STEAM- 

coh 
cq 

r 

BOATS, AND ALSO> MAKING QUALITIES 

FOR STATIONERY fexedf —= 

POWER PLANTS. HIS is the Boiler that enabled Steamer Ly Send for circulars and start- 
Takk Paragon to tow ten canal boats, weight =7, ling differences in fuel bills. 

It will make steam faster of cargoes, 3,230 tons. 

and far cheaper than any | 

other boiler, burning 

either wood or coal 

(hard or soft) of any 

size. | 

M. DE PUY, 
JOESOUMEIESA, 

NEW YORK. 
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PATENT 

sevr-reco ROLLER TUBE EXPANDER 
Requires no Hammering and can be Operated by Power. 

Special Expanders and Appliances for Water=Tube Boilers 

A. L. HENDERER’S SONS, 

95 MARYLAND AVE,, WILMINGTON, DEL. 

Cast-Steel Weldless Flanges, 
FLAN S | = —4 Forged and Rolled from 

SOLID STEEL INGOTS, 
Suitable for High-Pressure Steam, Water or Gas Lines. 

FOR DETAILS AS TO PRICES, ETC., ADDRESS, 

Latrobe Steel Company, 
1200 Girard Building, Philadelphia. 

' for launches, yachts 
Steam Engines tugs and other vessels 

He an ee tid Fngines aad wen 

CRUICKSHANK ENGINE CO., 286 Dyer St., Providence, R. I. 

KINGSFORD BOILER WORKS, 37° 
Iarine Boilers of 

every description 

designed and constructed 

on short notice. 

Estimates given. 

Best Material. 

High Class Workmanship. 

Special Types of 

Marine Boilers for 

Steam Yachts, Pas= 

senger Steamers, 

and Tugs. 
Reasonable Prices. 

Kingsford Foundry and [Machine Works, 
OSWEGO, N. Y. 

Thornycrott > 
Water-Tube Boiler. 

600,000 Horse Power in Use. 

FOUR OF THESE BOILERS WILL DEVELOP 9,000 1. H. P. 

Used in the United States 
NEA © UleS Tees IR IR. 
Ferry Boats “New 
Brunswick” and “Phila- 
delphia” are fitted with 

these boilers. Highest 
Efficiency, Maximum 
Power,Minimum Weight 
and Space. From their 

light weight and great efficiency they are the 
best boilers to substitute for the old cylindrical 
boiler. 

THORPE, PLATT & CO., 
99 CEDAR ST., NEW YORK. 

THE TONKIN PATENT@OO®O 

INTERNALLY FIRED WATER-TUBE BOILER 
For Marine or any nee Ca Steam is Required, 

the tubes in this boiler 
the furnace, and lower- 
ing the temperature of 
gases, which contracts 
the metal and causes 
leaks, The circulation 

Soot can be blown from 
without opening doors into 

wysow is rapid on account of large cham- 
ber at each end of tubes. The 

boilers are in use where water isvery bad. Still, the tubes are 
Bert clean by the rapid circulation. 

ight tests showed from 11.985 to 14.660 pounds of water 
evaporated per pound of combustible from and at 212° F. 
We can save money for you. 

Adapted to any pressure up to 500 pounds. 

JOHN EATON, JOHN J, TONKIN, 
President Oil Well Supply Co., Room 609, Havemeyer Bldg. 

PITTSBURG, PA. 26 CORTLANDT ST., N. Y. 

BRANCH OFFICES: 

15 Federal Street, Boston, Mass., W. H. Bailey, Manager. 

64 Manufacturers’ Record Bldg., Baltimore, Md., John H. Buxton, Manager. 



April, 1899. MARINE ENGINEERING. 77 

THE KNICKERBOCKER ENGINE 
The simplest and best engine built for propelling Yachts and 
Launches; Simple or Compound, Vertical or Horizontal, 5 to 50 
H.P. Absolutely controlled by a lever as shown. Eeonomicnts 
efficient, weighs about half ordinary engine of equal power. 

Ssuee aly, agaptedit for ES Blowers, Dynamos, etc. 

Talat il aa ajaiaii 

Marine Engineering. 

NoT HULLS on Borers. <” KNICKERBOCKER 2G: E CO, Hartford, Conn., U. S. A, 
STEAM MOTORS MOST : 

7 ECONOMICAL 
Forced Draft Fans SGD eae 

and Driving Boats, EEG THICIGE NCR 
ATING SETS, 

AIR DRAUGHTS, ETC. 

No hale, [Fae eccentrics, 
Valve Stems, Stufi- 

ing Boxes or 
Dead Centres. 

Boiler and Engine to- 
gether or separate 

swe SHORTT ENGINE CO 
143 Liberty St., New York 

SIMPLEST 
AND. CHEAPEST... 
FIRST CLASS 

Compound 
Marine Engines 

ON THE MARKET. 

NELSON W. TWISS 
NEW HAVEN, 

CONN, 

Require no attention. 
Usedon the American Line 

3 years. 
Not a rotary engine, 
500 to 2,000 revolutions per 

minute. 
Single expansion or com- 

nd. 
Economy guaranteed. 

JAMES T. HALSEY, 
26th and CALLOWHILL STS. 

PHILADELPHIA, PA. 

Marine Engines 
AND MACHINERY FOR YACHTS, 
PASSENGER BOATS AND TUGS. 

Machinists 
—and— 

Engineers, 
Richards St., Cor. 
Bowne, South 

Brooklyn, N. Y. 

Also makers of the well known 
PAINE PROPELLER WHEEL. 

Builders of Compound 
and Triple Expan-— 
sion Engines for 
Steam Launches, ‘Long Distance Telephone. Your Inquiries Solicited. Yachts and Tow 
Boats. 

JAMES H. PAINE & SON, Repairs in all of the -Cor. Clayton and Park Sts., BOSTON, MASS. SroveN Niratchics {upon reasonable terms. 
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MARINE 

Hol Speed Single Gylinder, 
Compound and Triple Expansion Types, 

In Sizes trom 3-H. P, Upwards 
FINE DESIGN, HIGH FINISH AND 

FIRST-CLASS WORKMANSHIP. LARGE 

ACCESSIBLE BEARINGS WITH AUTO- 

MATIC LUBRICATION. # LIGHT AND 

STRONG CONSTRUGIIONS nnn 

Nultable vm Finest Yacht « a Heamnest Tug Boa 
COMPLETE WITH SHAFT, DEADWOOD PIPE, STERN BEARING AND PROPELLER 

WHEEL IF DESIRED. WE BUILD DIRECTLY CONNECTED ENGINES AND 

CENTRIFUGAL PUMPS FOR CIRCULATING PURPOSES, FOR HANDLING 

WATER BALLAST, BILGE WATER, AND DISPOSAL OF ASHES. .. . . 

Will furnish estimates for 
specially designed outfits 
for circulating in con- 
nection with surface 

condensers. 

PRICES MODERATE 
Write for Circulars 

Morris 
Machine Works, 

Baldwinsville, IN. Y. 

NEW YORK OFFICE: 

39-41 CORTLANDT STREET 
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THE CASE STEAM ENGINE 
As Supplied the United States Government for Use on Shipboard. 

Largely Employed for Driving 

Dynamos, Fans and Circulating Pumps 
Coupled direct in each case and 

effecting remarkable economy of space. 

Sizes 2% to 25 Horse Power 

Simple Construction 

Self Oiling 

Close Regulation 

SEE CATALOGUE 

THE NEW BRITAIN MACHINE CO, New Britain, Conn, U.S. A. 

These Engines a ' 

ine aie Circulating 
Rights and Lefts. Pump 

Engine I’ Desired 

W l) FORBES & Cl) UNITED STATES 
TORPEDO BOATS 

HOBOKEN, N. J., 
WUlo Se dao 
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5 “i 

10 ENGLISH 

TO NAVAL 

100 MANGIN 

MIRRORS. 

i” Fae ae 

Also Portable Projectors, with an effective range of half a mile. 

Estimates furnished for complete Marine Electric Plants. 

GHAS. J. BOGUE, 
211 Centre Street, ~ - ~ ~ ~ - ~ NEW YORK. 

For Lake, River and 
Ocean Vessels. 

Any 
Candle Power 
SPECIAL SMALL L PROJECTORS 
FOR YACHTS AND LAUNCHES. 

Send for Catalogue “A’’ 

THE CARLISLE & FINCH CO., 834 w. 6th st, cincinnati, 0. 
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FACSTYEENE .. 

EARCH kIGHTS 
CAN USE THE SAME FOR [AST 

HEAD, SIDE LIGHTS and CABIN 
Our Signal Light in Use by the w, cafe and Easily Handled and Much 

United States War Department. ** Cheaper than Oil or Elettey: 

ACETYLENE GENERATORS FOR ALL PURPOSES, + FROM $15 UP 
WRITE FOR INFORMATION. 

J.B. COLT & CO., Dept. B1. 
3, 5 & 7 West 29th St., New York. 

ail Estimates Furnished 

..for.. Llectric 
Search 
Lights 

CANDLE POWER 

of OF 

Lake, Ocean 
oo OL 

River Steamers 

Complete [Marine 

Installations 

¢ 

Write for Descriptive 

Bulletin ««S”’ 

and Prices 

e 

Thos. P. Benton 

& Son 
La Crosse, Wis. 

U.S. A. 
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MARINE LAMP 

MARINE ENGINEERING. 

OIL, ELECTRIC AND COMBINATION 

. 

April, 1899. 

For Government or Private Use 

Box Lamps, Ceiling Fixtures, Bunker Lamps, Diving Lamps, Signal Lamps and Side Lights 

Steam Tight Globes, Chimneys, Lantern Globes and All Kinds of Glassware : 
Marine Electrical Material 

F.H.LOVELL& eon 118 John & 231-233 Pearl Sts., New York 

H.-P. SAFETY ELECTRIC 
POCKET LIGHT. 

ener 

AOE 
& 

S 
= 

NO SHIP COMPLETE WITHOUT IT. An. Pyer, Beaay 5 Electric Light for 
Electricians, En- 

gineers, Navigators, Ship Officers, Machinists, Watchmen 
and for all purposes where a safe and handy flash light is desired. 

Gives approximately 6 ooo lights before battery requires renewal. 
No wires to get out of order. No chemicals to spill. Size, 13,4in. x 
gin, Weight, about one lb. Price each, by mail, $3.30. Extra 
charges, by “mail, 50 cents. Overrs5,oo0in use. We will allow 25 cents 
if this ad. accémpanies your order, JAMES S. BARRON & CO., 
Manufacturers of and Wholesale Dealers in General Electrical 
Supplies, 24-30 HUDSON ST., NEW YORK. 

GET THE BEST AND AVOID COLLISION. 
Head Lights, 
Side Lights, 
Anchor Lights, 

All Kinds of TT 

Lights for il i 

Marine Uses. en 
Send for catalogue 

and prices. 

RUSSELL & 
WATSON, 
145 Main St., 

BUFFALO. N.Y. 

PATENT PUMP 
ef Gee ae SR Se Ee eee 

BRASS AnpD 
COPPER 

TANKS, 
VENTILA- 
TORS 
AND OTHER 

~ MARINE “SPECIALTIES. 
Coppersmiths. Steam Fitters. Marine Plumbing. 

WM. BISHOP’S SONS, 
205 South St.,. NEW YORK. 724 Third Ave., BROOKLYN. 

New York Telephone ait 197 Franklin. 

ALFRED B. SANDS & SON, 
YACHT AND MARINE 

PLUMBERS, 
And Manufacturers of 

PUMP WATER CLOSETS 
For above or below Water Line. 

Suitable for Naval Vessels, 

Yachts, Torpedo Boats and 

Launches, 

PUMPS, TANKS, Etc., Etc. 

134 BEEKMAN ST., - - NEW YORK. 

MARINE LAMPS 
Oil and Electric. 

Signals, Fixtures, Etc. 

WM. PORTER’S SONS 
271 PEARL STREET, 

CO., 
NEW YORK. 

Marine Pump Water Closet 
THE MONITOR 

We manufacture a full line of Sanitary Appliances for 

Marine Work, such as PUMP CLOSETS, BATHS, LAV- 

ATORIES, STEAM HEATERS FOR BATH AND 

LAVATORIES, ETC. 
Circulars and prices on application. 

The J. L. Mott Iron Works 
NEW YORK BOSTON PHILADELPHIA 
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—— i, 

McCAMBRIDGE & CO. 
.. Limited. . 

523, 525 & 527 Cherry St., 

(oe) (6%) | MT NO aE EE A yore AZO’ ; | £6 
Ae 2; ‘4 

| 1 — = ra “ 

ae & ENN | ess ¢ : es es \) : 
waa — Cp ea 

PHILADELPHIA, PA., 

I ee) U. S. A. 

: . . MANUFACTURERS OF .. 

House and Ship Plumbing 

Supplies and Specialties. 

HOWELL’S PATENT MARINE PUMP WATER CLOSETS 

The “Neptune” and “Neptune, Jr.” 

SPECIAL SINGLE VALVE 

SHIP WATER CLOSETS 

The “ Delaware.” 

The “Columbia,” 

The “ Atlantic,” 

The “Pacific,” 

SHIP WATER CLOSET 

l 
| SPECIAL SYPHON 

The “ Dolphin.” 

INLSOVS 3S 6 

Baths, Enameled Iron and Porcelain 

Lavatories of All Descriptions. 

Brass Valves, Cocks, Etc. 

CATALOGUE FURNISHED UPON APPLICATION. 
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Galvanized and Brass 

MARINE 
HARDWARE 

DURKEE’S IMPROVED STEERER 
For Small Cat Boats and Half Raters, all Brass, - $12.00 

Yacht 

Supplies Send 
of for 

Every | Catalogue 
Description | ue 4 

CHAS. D. DURKEE & CO., 
26 South Street, New York City. 

Telephone: 736 Broad. 
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FLAGS, 
Burgees, Jacks, Pennants, Private 
and Code Signals, Ete., Etc., Ete. 

Yachting Uniforms. 
Caps, Hats, Buttons, Badges, 
Laces, Embroideries, Ete., Ete., Ete. 

WM. H. HORSTMANN Company, 

Fifth and Cherry Streets, 

PHILADELPHIA. 

67 W. 23d St., New York. 7 Temple Place, Boston. 
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M. W. FOGG ntenutectureeo 

Cushions, Draperies 

and Bedding .... 

FOR YACHTS, STEAMSHIPS, Etc. 

195 Front St., Cor. Fulton St. 

NEW YORK CITY 

FREE J 
Illustrated 
Catalogue 

sen 

on request. 

060 comm 4) ) ex 0) em 1) oe =] 

7 S BAD SNe 

MECHANICAL FABRIC CO., Sprague St., Providence, R. I. LEZ oe ga 

MACE Mi REG ST TT ane ce ee ee neal 

MER SS OF COMFORT_~ 
are added to the delights of boating, «anoeing and 

LE Oa yachting if your craftis equipped with the famous 

“Perfection Air Cushions 
} The life-line attached makes them perfect life-preservers. 

N) Thistrade- 
N mark is a 

guarantee 

Disa i) LN 
a | / PA )) 

(ee eee ics 400 creme }) comme 9 em) oe ff) oe ff cee ff om) 1) ef fe tf re 1) 4h 

= <= = 
y_X a 

NU 
f SS 

eT my EOE 

SILL = 

LST 
NOTHING EQUALS IT FOR 

YACHT UPHOLSTERY 
Water-proot, grease-proof, stain-proot, germ-proot, never 
moulds, never ‘gets sticky, does not peel, crack or rot. Wears 
like iron. Resembles morocco leather and costs half as \ 
much. The German Emperor’s yacht ‘‘Meteor’’ and the 
Prince of Wales’ yacht ‘Britannia,’ are upholstered \ 

a AT 

throughout in Pantasote. Used for six years on Atlantic 
i Steamship Lines. 

CAUTION. —There are worthless imitations; the word 
Pantasote is on the genuine. N 

THE PANTASOTE CO., 29 BROADWAY, NEW YORK CITY. 
———) 

(AA LOGI DOO DIDI GI TIA. 

Field and Marine Glasses 

Revolutionized. 

Bausch & Lomb-Zeiss field glass. jj Best ordinary binocular field glass. 

Bulky, Heavy, Weake 

Field of view, Field of view, 
Ordinary Binocular Glass. Bausch & Lomb-Zeiss Glass. 

The above is a correct comparison of the relative size 
and size of field of the NEW and OLD glasses of the 

same power. For sale by all Opticians. 
Manufacturers + Send for Catalogue. 

BAUSCH & LOMB OPTICAL C0., Roshesten 
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IS ES SHE SSR EISND) Wee 

Geo. B. Carpenter & Co., 

SHIP CHANDLERS Oe 
AND SAIL MAKERS. BS 

Sj CORDAGE, BLOCKS, CHAIN, 
OSX  OAKUM, COTTON DUCK. 

MARINE HARDWARE. 

We invite correspondence from builders and owners, and will furnish estimates on application. Send 8 cts. in stamps for our 
Marine Catalogue. 

202-208 S. Water St., Chicago, III. 
General Western Agents, PEERLESS RUBBER MFG. CO. 

iia idaceten coven | EXPERIENCE 40 YEARS 
~ 2 MANUFACTURING 

SATE ree 1) di Qe Yachts, Schooners, Ships, Barges, Scows (Deck 
i { [nd HAND POWER and Bilge), Contractors’ ‘'renches, Vaults, 

f i Soa 7), PUM PS— Cesspools, Manholes, Brick Yards, Mines, Irri- 
i ow! / FREE AND FORCE. gating, Tanneries, Weir Pole Driving, or for 

222 ® 2s EST S; iG ly, any duty where Hand Power is used. 
WINCHES. Cargo, Chandelier, Derrick, Portable and Centerboard, 
WINDLASSES. Gypsy and Pump Brake. i 

INCORPORATED 1892. STEERING Cape Catboats, Knockabouts, Sloops, Schooners, Ships, 
GEARS. Launches and Steamboats. 

RELIEF STEERING GEARS. Steam Yachts, Steamships. 
CAPSTANS. Common and Power. : : 
FANCY WOOD STEERING WHEELS. 19 inch to 72 inch. 

ESTABLISHED 1867. 

wRAVaES® Ee BRASS Stanchions, Deck Plates and Gratings, Hood Venii- 
4 WORK. lators. é 
3 MECHANICAL FOG HORNS. King (Lever), Edson (Crank). 

Pp > x Z Street Sweeping Machines. automatic Bottle Fillers. 

me cH i me ee se Send for Illustrated Catalogue. 
Se = we 3 ESA co eRoMt ea 

ENGINEESINDIS PEGI errr Ano CARPENTERS. EDSON MANUFACTURING Co., 

f (32 Commercial St., BOSTON, MASS. 

AR ARARR AA AAR R RANA AREAL ALRERALD 6 

VESSEL MACHINERY AND SUPPLIES. | $ 
ag, Wintses, | $ S. HEMMENWAY & SON, 3 

4 5 ; Captans, Pumps, 

(an S ? Poeeret S< O i 
yy SEAN pparatus. 

/ ‘il Marine Monitor > Sail Makers, 
Side Lights. } ASO $ 

Contractors’ >< 

Shipbuilders’ SESupnties. | 3 TENTS, FLAGS x» COVERS. 3 
| catty Beck $ Send 5 cents for 2 60 South Street, $ 

General Line of Ship Chandlery, Marine Hardware, Garaaeel wares 2 Illustrated Catalogue. a New York City. e 

Rope, Yacht Supplies, Flags; Signals, etc. @ TELEPHONE 527 JOHN. . 

Marine Manufacturing & Supply Co, "Kev Yorn.* bycsecceseducces teecsssee soccer cos 
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J, SPENCER TURNER CO. 
COMMISSION MERCHANTS 

AND : 

MANUFACTURERS OF 

“ONTARIO™ 
{COTTON SAIL 

— «DUCK 
All Numbers, Weights and Widths to 220 inches. 

SOLE AGENTS FOR 

U. S. BUNTING CO. 

109 DUANE ST., 215 VAN BUREN ST., 

NEW YORK, N.Y. CHICAGO, ILL. 

Telephone: Franklin 319, Cable Address: ‘‘ Ontario,” 

MANUFACTURERS OF 

COTTON DUCK, 
CANVAS, 

PAPER FELIS, 

TWINE, 

COTTON BELTING and 

HEAVY COTTON FABRICS 

In Great Variety, 
from | to 220 in, 

Including Special 
Goods for 

SHIP AND YACHT 
BUILDERS, 

SAIL MAKERS, 
RUBBER 

MANUFACTURERS, 
CAR BUILDERS, 
AGRICULTURAL, 
MINING and 

GOVERNMENT PURPOSES, 
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BURDEN IRON CHAIN, 

RO MOROVEMENTS. | THEd.B-CHRRCONPANY, snc" 
TROY, N. Y., 

Manufacturers of 

Morris & Cumings CABLE, SHIPPING, CRANE, DREDGE, STRERING, 
Dredging Co. QUARRY, and RAPTING CHAINS. 

7 22 STATE STREET All Chains and Cables made of Especially Roll y Rolled fron 

NEW YORK and Warranted to Stand Government Test. 

Hydraulic Dredge discharging through 5,700 ft. Pipe. Will dig and put ashore any material. Rock excepted. 

NEW YORK DREDCING COMPANY. 
ENGINEERS AND CONTRACTORS. 

GEO. W. CATT, M. Am. Soc. C.E., President and Engineer. O. L. WILLIAMS, Secretary and Treasurer. 

SPECIALTIES: Machinery for Economical Excavation of Canals, for Dredging, for Reclamation of Low Lands. 

Machines at work at Wilmington, Del.; Port Royal, S. C.; Port Arthur, Sabine Pass, Texas and Oakland, Cal. ° 

Correspondence, solicited. 

Capacity of plant owned by us, under favorable conditions, 1,000,000 cubic yards per month. 

OFFICE: WORLD BUILDING, - - -. - - . NEW YORK. 

These cuts illustrate 

only two sizes and styles of 

Boring and 
Turning Machines 

Our 

line 

runs 
from 

30 to 76 inch 
swing 

37-inch Boring and Turning Mill. 

Lathes and Turning Machines 

The Bullard Machine Tool 
Company 

Bridgeport, Conn. 42-inch Boring and Turning Mill. 
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Gane Coe 
Folding Ancor 

The Best 

Write for De- 
scriptive Circular jp 

ron 

Wilcox, Crittenden & Co, 
MFRS. OF MARINE HARDWARE, 

MIDDLETOWN, CONN. 

MT 

No fire, Smoke or Heat. Absolutely safe. Send 5 cents for catalogue. 
TRUSCOTT BOAT MFG. CO., St. Joseph, Mich, 

THE AMERICAN 
MOTOR CO. 

Smallest, Strongest, Simplest. Runs with 
Gasoline, Gas or Kerosene. 

Special Motors for Vehicles, Launches, etc. Ig- 
nition Outfits, Wheels, Rear Axles, Differentials, 
Clutches, Steering Apparatus, etc., for Motor 
Vehicles. Motor Vehicles complete, Cut illus- 
trates our No. 0. No water jacket. Weight 50 
pounds. Send Stamp for Circular. 
HUDSON BUILDING. NEW YORK. 

CLOSED 

BEFORE DECIDING... 
upon any Launch or Engine it will 
pay you to examine 

MONITOR VAPOR ENGINES 
on exhibition in our office. 

: ~ CB. STERLING & CO, 
ss a x aoe Mention Marine Engineering. 120 Liberty St., N. VY 

Bs oe 

BOATS, SEITE E'S, CANOES, LAUNCHES. 
High grade Sporting, Athletic, 

SS | Gymnastic, and Boating Sup- 
plies. My prices are from 15 to 
25 per cent. lower than other re- 
liable dealers. 
CATALOGUE ON APPLICATION. 

Second-hand Naphtha, Gasoline 
and Steam Launches always 

on hand. 

FACTORY, 1941 TO 1959 PARK AVENUE. WILLIAM WOOD, 29 W. 125th St., New York. 
SSS EE 

CROSBY’S CATS. YACHTSMEN 
Making the selection of Power for a Yacht or Launch 

H, MANLEY CROSBY, | 4 QUESTION OF QUALITY, 
DESIGNER AND 
BUILDER - - - : Can decide only on the 

OF HIGH GRADE jooten are DAIMLER MOTOR. 
C 9 We can prove this and invite comparisions and investigations. 

KNOCKABOUTS, MOTORS FROM 1 TO 50 H. P. 

RATE RS, BOATS FROM A 16ft. TENDER TO A 125ft. YACHT. 

LAUNCHES, Etc. : a 

New AND SECOND HanpD Daimler rig. Company, 

BoaTs IN STOCK. 
c MAIN OFFICE AND WORKS « DOWNTOWN BRANCH OFFICE ¢ 

Foot 45th st., Brooklyn, W. Ys | 939 Steinway Ave, Long Island City, 169-171 Broadway, New York Cit 

YACHT TENDERS, 
te” ee ee |S 

, Strictly first class small ROW BOATS, 
DORIES, » boat work of allkinds. 4 

CANOES, * C.B. MATHER & CO., # 
FOLDING BOATS. § Rowley, Mass. { 

,. 3 .....5.0.0 8 

THE BEST IS ALWAYS THE CHEAPEST 
We are the oldest builders of Marine Gas 
Engines in the United States, and Guaran- 
tee Superiority. Enquire of your boat 
builder, or address us at home office or near- 
EStebranchio ficerewesay cee ae SUP eae 

493 Columbus Ave.,New York; 138 Morgan St.,New Orleans, La.; 125 South 2d St. 
U Philadelphia, Pa.; 99 Woodward Ave., Detroit, Mich. 
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1 THE HIGLEY ,wesiibie KEEL BLOCK 
Suitable for all drafts of Dry Docks. Send for particulars. 

HIGLEY KEEL BLOCK CO., 45 14th St., HOBOKEN, N. J. 

THE “YALE” 
Is a Superior High-Grade Gasoline 

ot Kerosene Oil Engine, built on Stamp 

___ honor by 

The Denison Electrical 
Engineering Co. 

NEW HAVEN, CONN. 

GAS AND GASOLINE 

ENGINES *> LAUNCHES, 

Engine Castings. 

Propeller Wheels. 

Boat Frames. 

Write ror particulars ana send 6c. 

for catalogue. MIANUS ELECTRIC CO., 
BOX M, 

MIANUS, CONN. 
el 

AWAVDADAVDADADA D5 DA DADA D5 DADA Ds DADs PERERA E REAR EAEA ERE EAE EEA EE EEE OD 

SPARK COILS. For Gas and ) 

Gasoline Engines > 
) 

Ruhmkorff Coils for jump ; 

b) 

WE HAVE NO AGENTS. 

~@:acacax 

spark in cylinder. 

The VARLEY DUPLEX 3 
MAGNET CO, 9 

) 138 7th St., Jersey City, NJ. 

OO <3- 3-3-3 D-II I-I-I-I-I-I-I-I=II= IO OOOOOOOOOOOCOCCCCCOCCOeEeonaece ee 
TE 

JIL Ebola IME ATES AINE IVER @ av 
For Launches, Yachts and Working Boats. 

oy ©. C. RIOTTE CO., ee yore fre 

Z> > > E> Ee Ee. aN aN aN aN aN aN) 

( ex SS Vs ) 

COMPACT, 
SIMPLE, 

LIGHT. 
| 2% eV >> ) 

Sizes 1, 2and4 H. P. Single Cylinder; 2, 4, SE reser 

14-Foot Boat with | H. P. Motor. 6, 8, 12 and 20 H. P. Double Cylinder. Double Cylinder Type. 
NN 

ALCO-VA PO R. OPEN CABIN, CRUISING and HUNTING LAUNCHES 
A, 2. - 3, 5, 7 and akg HORSE DUELS 

h oes es Ter YACHT 
PERDEN Ss 

Alco-Vapor 

Launch 

“CAMPER,”’ 

Champion of 

Lake George. 

25 Ft.; 3 H: P. 

Send 10 Cents for Catalogue. MARINE VAPOR ENGINE CO., Foot Jersey Ave., Jersey City, N. J. 
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JAMES C. WIGNALL & SON, 

BOAT BUILDERS. 
Beach and Vienna Streets, 

KENSINGTON, PHILADELPHIA, PA. 

Residence: 1025 PALMER STREET. 

STEAM and SAILING YACHTS, GUN- 

NING, FISHING and SPORTING 
BOATS of all descriptions built 

to order. 

THE FASTGST YAGHT IN THE WORLD. 

MARINE ENGINEERING. | 93 

Racine Yacht & Boat Works, 
Designers andl Builders/of High Grade 

Steam and Vapor Launches, : 

Racing and Cruising Yachts. 

20-FOOTERS KNOCKABOUTS. 

SPEEDY BOATS A SPECIALTY. 

Write for Catalogue and Prices. 

RACINE JUNCTION, WIS. 

Triple and Quadruple Expansion Engines. 
& 

GREATEST 
EFFICIENCY. cae 

MAXIMUM § dd 
POWER. ae 

MINIMUM 
WEIGHT AND 
SPACE. 

& 

THE MOSHER PATENT 
WATER TUBE BOILER. 
Over 11,000 horse 
ower of these 

ees oilers in the tor- 
j ieee boats. of the 

os. N. 

“& 
ii 

HIGH SPEED STEAM YACHTS A SPECIALTY. 

Send for Itlustrated Catalogue. 

CHARLES D. MOSHER, ! Broadway, New York, 

WILLIAM BROWN. ALEXANDER MILLER. 

VULCAN IRON WORKS 
MACHINISTS - BLACKSMITHS - BOILERMAKERS 

MARINE ENCINES 
SIMPLE, COMPOUND, TRIPLE EXPANSION. 

MARINE BOILERS 

HULL, ENGINE AND BOILER Sea 

PLANS AND ESTIMATES FURNISHED. 

BROWN & MILLER, 
FOOT OF MORRIS ST., 

TWO BLOCKS SOUTH OF THE 
PENNSYLVANIA R. R. FERRY. JERSEY CITY, N. J. 

DRY DOCK AND PIER FACILITIES 

ESTABLISHED, 1842. ~ 

Telephone 61 Hamilton. DONALD McNEIL 

JOHN McNEIL 

.. COLUMBIA .. 

ENGINEERING WORKS 
Engines, Boilers, . . . 

Forgings, Castings, Etc. 

Steamship Work a Specialty 
WILLIAM AND IMLAY STS., 

BROOKLYN, N. Y. 

THE MORSE 
IRON WORKS, 
Engineers and 

Machinists. 

Cable Address, McNeil New York. 

Best of facilities for 
docking and repairing 

vessels. 

BROOKLYN, N. Y, 
Foot of 26th and 27th Sts. 
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TEHEBO’S BROOKLYN 
YAGHT BASIN, COALING STATION FLOATING DOCK AND SHIPYARD. 

THEO. A. CRANE’S SONS, PROPRIETORS, id FLOATING DRY DOCKS ts tah 
Foot 23d Street, BROOKLYN, N. Y. Se es ee ee 

THE CLEVELAND THE CHICAGO 

SHIP BUILDING CO.,| SHIP BUILDING COMPANY, 
STEEL SHIPS, MARINE SHIP BUILDERS AND ENGINEERS, 

ENGINES AND BOILERS. CHICAGO. 

CRAMP’S SHIP YARD, 

POLS VOD MAES OOo » PHILADELPHIA, (PA. 
Weymouth, Mass. 
Tee Battle Shins, Cruisers, Passenger and 

Fast Steam Yachts. Freight Steamships, Etc. 
Marine Engines ° STEAM MACHINERY of every SESS UE including boilers and 

all equipment ; Marine Engines of any desired power; Gun 
Water Tube Boilers Carriages, Basin Dry Dock and Marine Railway, Parsons’ 

Manganese Bronze and White Brass, Water Tube Boilers 
(Niclausse, Mosher, Yarrow). Is" 

WG Koha ENO TANO) IEOLAS LDXSSNER AOS iene SS AREA OF PLANT, thirty-two acres. Area covered by buildings, 
and MacDonough now under construction. fifteen acres. Delaware river front, 1,543 feet. 

FLOATING DERRICK ‘‘ATLAS.’’ Capacity 130 tons, with 60 feet 
hoist and 36 feet out-hang of ene 

NUMBER OF MEN EMPLOYED, about 6,000 in all departments. 

_———————————— ————  —  — —— — — — ——  —  — ——————— 

cH LASS TEAM TAGHTS,| Roach's Shipyard. 
_> = 

The Delaware River . 

Iron Shipbuilding and 

Engine Works, .. . 

Chester, Pa. 

Builders of Steamships and Marine 

Machinery. Facilities for Work of 

Every Description. 

Marine Engines. “Seabury’s” Water Tube Boiler. 

THE ONLY NAPHTHA LAUNCH. General Office and Works, - - CHESTER, PA. 
Send ro Cent Stamp for Catalogue. 

GAS ENGINE & POWER CO. eens 
=p 

CHARLES L. SEABURY & CO., : 
CONSOLIDATED. New York Office: 

Morris Heights, New York City. | MoRGAN IRON WORKS, Foot East Ninth Street. 
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CABINET HARDWARE 
= 7 AND TOOLS | ee 
“HAMMACHER, SCHLEMMER & CO. "“ 

209 BOWERY NEW YORK 

THE CHARLES HILLMAN 
Slellni= Asya) , JUNIE AMN al ASU mL Din Key Go, 

Beach, above Palmer Street, PHILADELPHIA, PA. 

WoonmD AND IRON VESSELS. 

NORTH RIVER IRON WORKS. MARINE RAILWAY, 
ca (oo) Bo KE NI Ni ‘ J ¥ CARPENTERS, CAULKERS, JOINERS AND PAINTERS, 

| Se ENGINEERS AND MACHINISTS. 
Steamers, Marine Engines, pep aes ite 

Poiléts; Repalre, Etc | ee eee 
FLOATING DERRICK. AMPLE WHARF. BALTIMORE, MD., U. S. A. 

T. S.§ MARVEL & CO., Newburg, N. ¥Y. 

SuanIg= JAIN ID) Ia dMNfish  J=\UiMobrahiayS- 

. GETTER THAN DRY DOCKS. Rene ees 
(RANDALL'S MARINE RAILWAYS. ore penne Comeany, 

(OUPEEOUOURSSOEEOSOOUESUSRERSESEERCREEEE 

Se .. | Be High Class Steam Yachts, Constructed 
5 . 1 Such as Yacht ‘Comanche,’ * Ocean Dug * ‘R. W. Wilmot,” 

of either timber _ estimates, ma- Revenue Cutters “Gresham,” “ Algonquin,” ete, 
orsteelforships chiner yand— iii 

: ; THE GLOBE PATENT STEAM CAPSTAN WINDLASS. 
of any size. materials. PATENT STEAM STEERING ENGINE. 

SOLE AGENTS IN THE UNITED STATES FOR 

ELLIS AND EAVES INDUCED DRAUGHT. 
Results of this installation on Steamer “Idlewild” in conjunc- H | CRANDALL & SON ENGINEERS tion eH two new feathering paddle wheels, shows 5 miles an hour o ke 5 , faster time, loaded, 4 miles an hour faster time, light, on a consump- 

tion of 15 per cent. less coal. 
100 Border Street, East Boston, Mass.. U. §. A. CORRESPONDENCE SOLICITED. 
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Treva -- #. 

Recent Cun 41899 ea Bio oo aoe 

NMA les a tne Seen 7h 

LEWIS NIXON= 
SHIPBCILDER; 

Office and Works: 

Elizabethport, N. J. 

Builder of Stern Wheel, Paddle and Screw STEAM= 

ERS, also TORPEDO BOATS and BARGES 

of all kinds in Steel. 

The Atlantic Works, 
BORDER, MAVERICK and NEW STS., EAST BOSTON, MASS. 

(Docks opposite Navy Yard.) 

Builders of ———__—_ 

STEAMSHIPS, TOW BOATS «° STEAM YACHTS 
IN STEEL AND WOOD. 

A SPECIALTY MADE OF 

South American and Alaskan River Boats. 

Marine Engines, Boilers, etc. Hull, 

Boiler and Engine Repairs. % * 

NEWPORT NEWS SHIPBUILDING & DRY DOCK CO. 
WORKS AT NEWPORT NEWS, VA. (ON HAMPTON ROADS.) 

Equipped with a Simpson’s Basin Dry Dock, capable of docking a vessel 600 feet long, drawing 
25 feet of water, at any stage of the tide. Repairs made promptly and at reasonable rates. 

SHIP AND ENGINE BUILDERS. Fou Bstemcs au ance 

C. B. ORCUTT, President, No. 1 Broadway, New York. 

Ti HARUN & HOLLINGSWORTH CO. 

SHIP BUILDERS, 

Ship Engine Building Co,| ORY Dockinc, 
Penn Works, Philadelphia, Pa., U. S. A REPAIRING and 

OUTFITTING... 

Established 1838. Inco PRTG TORT LEM orated 1891. 

THE NEAFIE & LEVY 

S®VOADBABTFB 

BUILDERS OF__—» 

(3-4 CENTURY EXPERIENCE) 

ron and Steel Ships and Engines fe 
OF EVERY DESCRIPTION. | WORKS AND MAIN OFFICE, NEW YORK OFFICE, 

WLWVVWLVE WILMINGTON, DEL. 115 BROADWAY. 
Steamship Repairs Oifica: UW), Se dN 

A Specialty. 1336 Beach St., Philadelphia, Pa. 
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Poe DRATANG INSTR EN ENTE) THE MORSE TWIST DRILL 

Ae RICE AVE, PH a) AND MACHINE CO. 
announce their purchase of the Machinery, 
Stock, Patents, Good Will, etc., of the T. 
& B. Tool Co., of Danbury, Conn., and the 

E removal of the business to New Bedford, 
= =O: : Mass., U.S. A. 

A full line of 
Foot power 

Star * Screw cutting “INCREASE TWIST DRILLS” 
Automatic is carried in stock. To this will 

Lathes Cross feed be added a complete assortment of 

Br Gane ‘“‘Constant Angle Twist Drills,”’ 
s Send for Catalogue B. and the wishes of customers will be accommodated 

Hes SENECA FALLS MFG. COMPANY, with pleasure. 
108 Water St., Seneca Falls, N.Y. 

NO SHIP or 
SHOP sittour i 

Belt Driven, re ‘ “ ie We Catries 60 Sizes, 16 of 

Pneumatic ; af Revol are cach size causes 

: now size to use for Taps 

and Electric making LOUIS T. WEISS 
, ots P ; 288 GRAHAM ST., Portable Chane, BROOKLYN, N. Y. 

Caulking 
2G ee 

- Riveting ISTEAM AND PNEUMATIC 

Tools. RIVETERS, 
Bethlehem Foundry and Machine Co., 

South Bethlehem, Pa. 

It is cheaper to take 
tool to large work than 
work to tool, that is if 

the tool has the push. 

Our No. 4 size is drill- 
ing 152, in. holes in 
nickle steel 9 in. deep 

in 20 minutes. Ss 
In rushed work sev- 

eral machines can be 
used on a single piece. 

TnS. fh DALLETT & C0. 
York St. and 

Sedgley Ave., 

PHILADELPHIA, PA, 
GAPE EEE EEE EEE 

Hardening 
CUSTOM WORK ®Y 

Coes’ “Pyro-Calcic” Process. 
WEE COES cz CO: 

BOX 12, STATION B, at = - WORCESTER, MASS. 

Send for Catalogue. 

Metal and Wood Working 
Modern Machine Tools. 

SPECIAL LINES -FOR 

Ship and Engine Builders. 

J. W. CREGAR, MACHINERY, 
SALES AGENCY. 

PERMANENT EXHIBITION, 

THE BOURSE, PHILADELPHIA, PA. 

[REE A BE 

BEPECE CCC EC CE 

hobo bebo EEE EEEELELALLEEEDEEEEEEEEDS 
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ssS3 Drawing Materials. 
All requisites for 
Marine Draftsmen. f Seep IN 

{ees RS) i : 
KEUFFEL & ESSER CO. The largest and best assorted 

; stock in this line. The most =O = | OS 
NEW UORK. complete Catalogue. All goods Se hie Ie ae 

warranted, 

127 Fulton and 42 Ann Sts. CATALOGUE ON APPLICATION. 

Blue Print Frames and Gars. 

Drafting Tables, 50 Styles. 
Drawing Boards. 

Special Gabinets. 

F. W. EMERSON MFG. 6O., 
27 MORTIMER ST., ROCHESTER, N. Y. 

THE AMERICAN 

PNEUMATIC TOOL CoO., 
844 WASHINGTON STREET, NEW YORK. 

Manufacturers of Valye and Valveless Pneumatic Tools for Caulking Boilers, Tanks, Ships, 

Water Mains, Stand Pipes, Light and Heavy Clipping in all Metals. 

Our Patents, which we claim to be exclusive of the use of all other Pneumatic Tools, have thus 

far been sustained by the courts. 

NATIONAL 
PNEUMATIC 

[OGL t3 
..- MANUFACTURERS OF... 

°e 

PNEUMATIC CHIPPING, CALKING, BEADING AND 

RIVETING HAMMERS; DRILLING, REAMING AND 9, 

TAPPING MACHINES, COMPRESSED AIR TOOLS 

AND MACHINERY OF EVERY DESCRIPTION. 

SB AS 

OFFICES: 13) SOUME pt SURE EN ele ND Eileen eaaive 
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HE first dial has a duplex driving mechanism which is one of the im- 
| portant features, comprising a “pawl and ratchet dial actuator, also 

an escapement driving device working in unison with the ratchet 
device. The result is ABSOI,UTE CERTAINTY of action. 

The escapement is of sucha character that it not only serves to limit the 
movements of the other parts—so there can be no overthrow—but, should 
the pawl fail to act, it performs for the time the entire work of operating 
the dials. The Counter is of 
special interest as an INSTRU- 

\ MENT of PRECISION. It is 
manufactured on the ‘‘inter- 
changeable system,’’? by a alent 
constructed especially for it, and 
made by the most approved 

i methods of watch-tool man- 
ufacture. The working parts are contained within a plain but neat and substantial case— 
positively excluding all dust and protecting the works against all ordinary accidents. 

AUTOMATIC WEIGHING MACHINE Absolutely correct and reliable for Grain, Grain Products, Sugar, 
Coffee, Gotton Seed, Fertilizers, Coal, Etc. 

ASK FOR CATALOGUE NO. 4I. 

THE PRATT & WHITNEY CO.., Hartford, Conn., U.S.A. 
New York, 123 Liberty St.; Boston, 144 Pearl St.; Chicago, 42 So. Clinton St.; Buck & Hickman, ers : 

280 Whitechaple Road, London, Eng.; Fenwick Freres & Co., 21 Rue Martel, Paris, France; = a is — 
V. Lowener, Copenhagen and Stockholm ; Agence Belge de Machines-outils Amiericaines, 

Bruxelles ; Adler & EKisenschitz, Milan : American Machinery Import Office, Zurich. AUTOMATIC WEIGHING MACHINE. 

THE CHUCK THAT LASTS 
The usefulness of ordinary drill chucks is ended when the 

jaws begin to wear, because the grip of the jaws is all that 

keeps the drill from slipping. It’s different with the Pratt 

Positive Drive Drill Chuck. In this chuck a positive driver 

holds the flat end of the drill, and makes slipping impossible. 

| Even if the chuck jaws are not tight, the tool can’t slip. The 

equalizing driver permits the jaws to align the drill perfectly 

in the chuck, and holds it true. 

You pay as much for ordinary chucks. Send for booklet. 

Stow Mfg. Co., Bimzhamton. wv. 
Established 1875. 

INVENTORS AND LARGEST MFRS. IN THE WORLD OF THE 

STOW FLEXIBLE SHAFT 
FOR ALL PURPOSES. 

Our Combination of FLEXIBLE SHAFT and IRONCLAD 
ELECTRIC MOTOR is almost indispensable on any vessel having 

General European Agents, an Electric Current, for portable DRILLING, TAPPING, REAM- 
ING, etc. It can be easily transported to any part of the same, and 

SELIG SONNENTHAL & CO., repairs made in a fraction of the time required by hand. 
85 Queen Victoria Street, Correspondence solicited. 

London, Erg. WRITE FOR CATALOGUE AND PRICE LIST. 

ROSSER ELRAEREAAERAEOL SOE LESE 
CABLES: Niles, Hamilton, Ohio. THE.... complete ILES eee 

TOOL SHIP YARDS, 
WORKS BOILER YARDS COM PANY, AND ; 

HAMILTON, OHIO. MACHINE SHOPS. 

MACHINE-TOOLS. 3 
No. S BENDING-ROLLS Branches: 

For Plates 3/4 in. x 12 ft., Cold. RE WRY ORES CHICAGO, 
BOSTON, PITTSBURGH, 

For All Sizes PHILADELPHIA, ST. LOUIS. 

RO Le LS Ng and Boiler Plate. LONDON, S. W., 39 Victoria Street. 
(Telegrams, ‘\Niliacus, London.’’) 



98 MARINE ENGINEERING. /Sinitetee 

CURTIS & CURTIS 
123 Garden St., 

BRIDGEPORT, CONN., U. S.A. 
.. Manufacturers of.. 

Pipe Cutting and Threading 

MACHINERY eg 
= FOR HAND OR POWER 

12=in. Pipe Threaded by Hand Power 

SEND FOR CATALOGUE 

No. 78. Hand and Power Machine 
Range, 2% togin. Right Hand 

. 30. Hand Machine 
Rane Y to 2in. Right and Left 

PESLOS OS OS OSOSOSOOO8O80® MS a0) 

AUNDERS’ PIPE 
THREADING Ano CUTTING 

FOR STEAM © 
- AND GAS FITTERS 

We have been in business forty years. S) 
Our present machines embody the results of our long 

experience, and are as nearly perfect as they can be made. @ 
We make a full line of machines for threading and 

cutting 4g to 18 inches. Send for catalogue. 

D. SAUNDERS’ SONS, - YONKERS, N. Y. 

ARMSTRONG’ S TOOLS fast. om 
a i Improved Pipe Threading and Cutting Off Machines, 

Sizes, % to 6 inches. Hand or Power. 

ARMSTRONG’S Celebrated Adjustable STOCKS and DIES, 
Universally acknowledged to be the best on the market. 

. Pipe Wrenches, Pipe Cutters, Clamp Dogs, and other Tools for 
Y Water, Gas and Steam Fitters’ Use. 

GOT A CATALOGUE ? 

: = — N.Y. Office: B ID EP aly New No.3 
2 No. O Thresdine Machine, with 139 Centre Street. R G OR > CONN. Pipe Gurter 

Power Attachment. 

BEMENT, MILES & CO., 
PHILADELPHIA, PA., 

MANUFACTURERS OF 

Metal Working 

Machine Tools 
FOR SHIPYARDS, BOILER SHOPS, AND ALL KINDS OF 

Metal Working Establishments. 

GoN.LATHE NEW YORK OFFICE: so 2a%etct!8icet, 
Chicago Office ; 1984 Marquette Bids. 
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SEAMLESS DRAWN 

Brass and Copper Tubing 
GUARANTEED QUALITY, 

Coppersmiths’ Work, Steam Pipes, | 
Condensers, Heaters, &c., &c. 

COPPER, 
BRASS, 

BRONZE. 

SHEETS, 

RODS, IN 

WIRE, 

Yellow Metal Sheathing Bolts and Nails. 

MATERIAL FOR SHIP WORK 

A SPECIALTY. 

Manufacturers of 

BABBITT AND ANTI-FRICTION METALS. 

MERCHANT & CO,,lscesute 
PHILADELPHIA, 517 Arch St. 

CHICAGO, 36 La Salle St. 

NEW YORK, 245-7 Water St. 

BROOKLYN, 584 Flushing Ave. 

BRASS AND COPPER 
IN EVERY VARIETY OF SHAPE AND FORM. 

YELLOW METAL. 

SHEATHING, BOLTS and NAILS. 

SHEET and BOLT COPPER. 
Prompt Shipments. Stock Always on Hand. 

U. T. HUNGERFORD BRASS AND COPPER CO., 
{21 WORTH ST., NEW YORK, U.S.A. 
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Organized 1812. Incorporated 1843, 

BENEDICT & BURNHAM MFG.CO. 
Waterbury, Conn. 

Sheet Brass, Copper and German Silver. 

Brass and Copper Bolts, Rods and Wire. 

Seamless Brass Tubing 
For Condensers, Steam Pipes, Heaters, etc. 

Seamless Copper Tubing 
(Guaranteed absolutely pure Lake Superior 

Copper) for general coppersmith and ship 

work. 

Seamless Nickel Silver Tubing 
For railings on yachts and other vessels, 

Ornamental and durable. Far superior to 

nickel plated Tube for any purpose. 

SEND FOR CATALOGUES AND PRICES. 

::: DEPOTS::-: 

253 Broadway, NEW YORK. 172 High St., BOSTON. 

Cor. Lake and Clark Sts., CHICAGO. 

Drawn SEAMLESS COPPER AND BRASS TUBES 
From 7th up to 38 inches in diameter. 

CONDENSER TUBES AND SEAMLESS TUBES 
FOR SHIP WORK A SPECIALTY... .. . 

KS 

k 

er 7 ee 
RANDOLPm & CLOWES, ““tER2URY, 

N 
New York, Room 202 Postal Telegraph Building. 

BRANCH OFFIGES PHILADELPHIA, Room 320 Philadelphia Bank Building, 
i 5 CincinnATI, Room 308 Neave Building. 

CuICAGo, 226 Lake Street. 
(Boston, Oliver Street corner of Purchase Street. 
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BARNES BRASS TUBULAR STEERING WHEELS 
ALL Sizes. 

} BARNES IMPROVED THREE-WHEEL PIPE CUTTERS 
CUT FROM 1-8 TO 12 INCH PIPE. 

BARNES TOOL CO., 962 Grand Ave., New Haven, Conn. 

Who has a copy of Marine Engineering of this date 
2% for sale? eee a 

Marine Engineering, World Building, New York. 

ee vevvewvevevvvuvurvevvesey | Craio’s Steam,Vacuum and Hydraulic Specialties 
THOS. KELLS & SONS, CONSISTING OF PATENT 

LOCUST TREENAI LS, IMPROVED SAFETY oe ACTION AUTOMATIC STOP VALVES 
HACKMATACK KNEES AND CEDAR BOAT BOARDS. For Pipes of all kinds 

YACHT MATERIAL A SPECIALTY. under Pressure, for 

119 Freeman Street Telephone Sot) MME! Os E19) 

Greenpoint, Brooklyn, N. Y. 162 Greenpoint. 
iP TP 2B Pc ic a ic oi ai ic Pc oe oc oc oc ac oc oc afc oc 2c oc oP ac fic ic a 

FORCINGS. 
( Improved Automatic 

Heavy or Light, Steel or Iron, 

FEE EY i A Pe ie Pe Pe 

Exhaust Relief Valves. 
For Condensing and Non- 

condensing Engines, 

Marine or Stationery. 

HEATING AND CIRCULA- 
Marine, Stationery, or Special, Improved Safety Quick-Action Stop Valve. 

Rough or Finished Complete. Ue y i aa Oh 

The Whitestone Forge & Construction Co., =I 
Offices, 11 Broadway, New York. WILLIAM CRAIC, 121 Liberty St., New York. 

FRANKFORD STEEL COMPANY, ELtW0OD city, LAWRENCE CO., PA. 

STEEL FORGINGS, HEAVY SHAF TINGS. 
in the Rough, Rough Turned or Finished. Office, Fidelity Mutual Building, PHILADELPHIA. 

S CADAAAAAAAAAAAAAAAA DAD De Db Di te etl te thi Bi heh te i eb De Be ie i Dae Dao ie ie oe De i i De tl ttn Del **3 

cee. NICKEL STEEL ...2-... 
For Marine Engine Forgings & Shafting. 

The shafts of the peerless “OREGON ”’ lee “BETHLEHEM” 

The Shafts of the fleet ““FARRAGUT” Forgings. 

Send for Pamphlet on Marine Engine Forgings. 

THE BETHLEHEM IRON CoO. 
SOUTH BETHLEHEM, PA. 

BRANCE OFFICES: 

ae tare) cea 

100 Broadway, ess a ee Chestnut cot 1433 Marquette Bldg., 

feces co eed are} ol suas ees PHILADELPHIA. Weer el CHICAGO. 

DO OOH HHHHSHHOOHOHH99HOHO9HHHHHHHOHWTTTH0HHH99H 99999099 H9999999 090090000 DOO 9999 OHHH HHHOH9HHH9H9H99O9 999999 HHO99OH9O9999009 OO Seecceoooee SOOO OH99999O99HH0OHH0F 9900999099999 999H 
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“PULLMAN ’’ 
MARINE 
SASH BALANCES 

Pullman Sash Balance Co., 
Rochester, N. Y., U.S. A. 

SEND FOR CATALOGUE, 

TRADE MARK. 

CPE oR MoD” 
BRIGHT METAL PROTECTOR. 

Colorless liquid. Easily applied by brush or dip. Dries rapidly without 
brush marks. Leaves a Calorless, invisible, strongly adhering film, which 
protects the surface against rust'and corrosion. Unequaled for bright steel 
parts of machinery, nickel plate, bicycles, hardware in stock, etc. 

Sample bottle and circular for 25 cents. 

AMERICAN PEGAMOID CO., 346 Broadway, NEW YORK. 

Queen City Patent 
Hydraulic Steerer. 

THE BEST AND MOST RELIABLE. 
GENERATES NO EAT IN PILOT HOUSE, 

Has Large Hand Wheel. 

Can be Changed from Power to 
Hand Steering Instantly. 

A Favorite with Pilots. 

SEND FOR REFERENCES. 

Queen City Encincerine Co, 
BUFFALO, N. Y. 

MARINE ENGINEERING. JO} 

POSITIVELY KILLS 

b ET [ E R OAC Hi cockroaches, water bugs, 
centipedes, etc. Odorless, 
non-poisonous, never deteri- 

orates. Any vessel cleared by experts in 48 hours. We 
supply everything for the destruction of vermin. Contractors 

to Waldorf-Astoria, Fifth Avenue, Delmonico’s and others. 

ALLISON CHEMICAL CO., 

143 East 23d Street, - - - - - NEW YORK, 

WE ARE THE INVENTORS OF THE = Caulking Mallets 
NOW USED IN ALL THE SHIP YARDS 

OF THE WORLD. 
We make Mallets and Handles ofall 
descriptions. This is our specialty. 
Illustrated Price List and Catalogue 
mailed upon application. 

N. Y. MALLET & HANDLE WORKS, 
Established 1845. 

454 E, HOUSTON STREET, N.Y., U.S.A. 

BECK’S PATENT a STRING GHA, 
Steam and Hand. 
Built in all Sizes. 

Simplest, Strongest, 
Most Reliable. 

Changed from Steam to 
Hand or back by One 
Lever in less than 
One Second. 

arveosD 

BUILT BY 

PANLING & HARNISCHFEGER, 
ed MILWAUKEE, WIS. 

er 
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WATERS 

Steam Steering Engine. 
SIMPLE, DURABLE, CHEAP. 

oes = as Guaranteed to hold rudder in any position and to 
LES as i be perfectly NOISELESS. 

Very economical in steam consumption and repairs. 

Waters Automatic Sight Feed Lubricator 
——! for Beam and Inclined Engines and Low Pressure 
: Cylinders. Send for Circulars. 

GEO. H. WATERS, 
201 River Street, Hoboken, N. J. 

GREAT LAKES REGISTER. 
COMBINED AND ISSUED IN CONNECTION WITH 

BUREAU VERITAS. 
INTERNATIONAL REGISTER OF SHIPPING, 

F. D. HERRIMAN, Surveyor GENERAL. 

Main Orrtcr, Royau InsurANcE Buitprne, Cuicago, Iuu. 

Now preparea to issue Certificates upon Wood and Metal Vessels, Supervising Construction, Ete. 

GREAT LAKES REGISTER desires to announce that its ratings go before the leading underwriters of America, England 
and France. 

The services of its surveyors, who are located at all principal ports; may be engaged on Hulls and Cargoes, 
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PORT... —= 
CHESTER ) 
BOLT & NUT 

COMPANY 
Port Chester, N. ve 

.. MANUFACTURERS OF .. 

Cold Punched, Chamfered and 

Trimmed, Case Hardened 

and Semi=Finished 

STENTOR Megaphone 
FOR SPEAKING AND HEARING AT A DISTANCE 

2 Invaluable for 

Steamships, Tow- 
Boats, Vessels, 

Barges, Yachts. Six 

Sizes; Prices, $1.50 

to $8. Send for il- 

lustrated catalogue 

MERRIMAN BROS., Manufacturers, 

139 Border Street, East Boston, Mass. 

BALDT’S PATENT STOCKLESS ANCHOR, 
Made of the finest quality of open- 

hearth steel. Send for pamphlet to 

BALDT ANCHOR CO,, Chester, Pa, 
OR 

THOS. PRICE, 
136 Liberty St., N. Y. 

WALTER MILLER, 

Western Reserve Bldg,, 

Cleveland, Ohio, 
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Baldt Anchor Co...... db odoocese sdo0c0 sondas0sd0000 

ANCHOR CABLES. 
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BEARINGS. 
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Ryan, J. “Wen BF CO siisic mentee aoe eae ee 

BLOCKS. 
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AlmyawaternuberboileriComeeceen eae enieniisenimestcnernine 74 
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CAPS AND UNIFORMS. 

MhenwarnockiUniformuiConeeeeee- eee eee eeeeeeEeeece eeeeEDO 

CAPSTANS AND WINDLASSES. 
Hyd eawindlassiGoreeeeereereeeaeteneenrnce outside back cover 

CAULKING TOOLS. 
NewavorkeMallercpHandlexComrcereeece eee eer err rnin 101 

CHANDLERY STORES AND SUPPLIES. 
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Alteneder, Theo., 95 
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Barrons 29 42 GIOO Messe ec ce aee la attee ateictes nice hee 82 
ENGINEERS AND MACHINISTS. 

IBrO Wn) &PMillensecrctispeicts ete eevee ciscieeie cemeteries 91 
ColumbiavhneineerinesWorkst eee eerie erences 91 
Kira jewski-Pesant! Copia anecsen cere eect eee nE eee 56 
MorseslrongwiOrksiCoswcesecsaceeeeecechicce erences 91 

ENGINES—GASOLINE. 
AmMericanyMotoriCOrecc osc eera eee se eee eeee 89 
Denison Electrical Engineering Co.......................:. 90 
Riotte, | Ol CA: Cone soe ee nash oe eee Ee Eee 90 

ENGINES_STEAM, 
Cruickshankskngine) Comreeeeee eee eee eee ee Eee nore eres ui 
Forbes; Wi. DRS Cone oe poe roe alee eee on een 79 
Halsey, James Dic: cee iii wen ce el een eee GW 
UGA) Gq NOC) GIP IDUFEING CL caoccovsncacgcocaceouso0eadsa0006 V7 
Morris!Machinesworkseeseeece reece ere neeceeeniodneait ‘Ch 
NéwebritainyMachine|Coreeee eee eee eee eee ener 79 
Paine James} He & (Sonl she accu aa cee eee een eneeeens 7 
Riley Gi Cowleys aoe vee ee al lees eee eee cee V7 
Shortt#Bngine! Cons aaa eer ere e Lee EEE Ere V7 
Twiss:N6]son" Wis). sae ses cate rem cnieeae Ben een ee DEE tie 
iIWestinghouseyMachinelComerneeeee eee renee rere nena 55 
Westinghouse, Church, Kerr & Co..................ee eee 55 



MARINE April, 1899. 
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BOSTON AND LOCKPORT 
TACKLE BLOCK COMPANY. 

Established 1840. 

First to introduce genuine metaline bushings in 
block sheaves. These superior bushings for 

special heavy work to be 
at their best should be in 
connection with the STAR 
BRAND blocks, guaranteed 
standard in weight, 

strength and workmanship. Superior facilities for 
special blocks for wire or hemp rope. Free illus- 
trated catalogue JJ of {12 pages on application. 

ADDRESS: 
Boston, Mass., Lockport, N. Y. and 83 South St., N. Y. City. 

FRENCH » COOKING « RANGES, 
and Cooking Appa- 
ratus of every descrip- 
tion for Steamships, 
Yachts, etc. 

Established 1852. 

Branch Salesrooms, 

79, 81, 83 
Market Street, 

Chicago, II1.; 

6 Union Street, 

Boston, Mass. 

DUPARQUET, HUOT & MONEUSE CO. 
Office and Warerooms: 43 & 45 Wooster St., New York City. 

This range is extra heavy in parts 

where weight is needed to with- 

stand strong heat or severe strain; 

the other parts are lighter, but amply 

heavy for their position and use. 

It is warranted to work perfectly. 

THE STAMFORD FOUNDRY COMPANY, 

STAMFORD, CONN. 

Established 1830. 
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Ball Thrust Collars 

Propeller Shafts. 
Write for Catalogue. 

THE BALL BEARING CO., 
BOSTON, MASS. 

THE CRUMLISH 

PORTABLE FORGE 
FOR RIVET HEATING. 

The strongest, lightest and 
handiest forge on the market. 
Constructed of steel, circular 
in form ; weighsonly 90 pounds; 
Ig inches in diameter. Used 
by the leading steamship com- 
panies and shipyards of the 
United States. 

SEND FOR CIRCULAR, 

The Grumlish Forge 6o., 
BUFFALO, N. Y., U. S. A. 

Paul S. Reeves & Son, 
PHILADELPHIA, PA., 

Manufacturers of 

Propeller Wheels 
in all the BRONZES. 

Miarine Castings a Specialty. 

Phosphor-Bronze, Brass, Babbitt Metals. 

Castings from to 10,000 Ibs. Weight. 

Sheriffs Manufacturing Co., 
MILWAUKEE, WIS. 

Coast Towing, 
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HOMEWARD BOUND—U. S. S. RALEIGH ON HER VOYAGE FROM MANILA TO NEW YORK. 

(Copyright, 1899, by Aldrich & Donaldson, New York.) 
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HOMECOMING OF THE U.S.S. RALEIGH OF 
ADMIRAL DEWEY’S FLEET. 

Among the U. S. vessels which participated in the 

sea fight at Manila, May, 1898, was the U. S. S. 

Raleigh. She also had the distinction of previously 

firing the first shot during the night entrance of the 

fleet into the bay. After the victory in Manila Bay 

the Raleigh rendered distinguished services in the 

subsequent operations under Admiral Dewey. Late 

last year She was ordered home, and she arrived in 

New York harbor April 16 to be greeted by the Mayor 

of the city officially and the citizens of New York in 

thousands unofficially. 

The arrival of the war vessel on Sunday, in weather 

about as disagreeable as could be manufactured, di- 

minished the size but not the earnestness of her wel- 

come home after an absence of two years. It was 

not alone in honor of the Raleigh, however, that the 

tugs whistled, steamships saluted and the people 

cheered, but also because she was a representative of 

the fleet of Admiral Dewey, whose homecoming will 

undoubtedly be the occasion of one of the most 

patriotic demonstrations in the history of the coun- 

try. At Quarantine the cruiser was met by the Span- 

ish prize gunboats, Sandoval and Alvarado, and es- 

corted by a fleet of screeching tugs she went up the 

North river as far as Grant’s tomb and fired a na- 

tional salute. Afterward the Raleigh anchored in the 

North river and visitors from shore were entertained 

while she remained in New York. 

After her run of 12,584 miles the Raleigh looked as 

trim and serviceable as she did on the eventful first 

of May. Her log shows that she left Manila Dec. 15, 

1898, and, in succession, touched at Singapore Dec. 21 

‘to 81, Colombo Jan. 7, 1899, to Jan 18, Bombay Jan. 18 

to Jan 19, Aden Jan. 27 to Feb. 1, Port Said Feb. 8 to 

Feb. 12, Alexandria Feb. 13 to Feb. 22, Malta Feb. 26 

to March 6, Algiers March 16 (left), Gibraltar March 

18, Punta Delgado March 23 to March 27, Horta April 

1 (left), Bermuda April 9 to April 138, arriving at New 

York April 16. 

Our artist has depicted the Raleigh ‘homeward 

bound” crossing the Atlantic on her westward voyage. 

This fine ship was built at the Norfolk Navy Yard, 

where she was launched in March, 1892, going into 

commission in April, 1894. Her dimensions are: 

Length, 300 ft.; beam, 42 ft.; depth, 18 ft., and dis- 

placement, 3,213 tons. She is a twin screw vessel, 

fitted with triple expansion engines of nearly 10,000 

I. H. P., and on her trial she attained a speed of 19 1-2 

knots. She is armed with ten 5 in. rapid-fire and one 

6 in. slow-fire guns; also eight 6-pounders and four 

1-pounder rapid firers, and machine and field guns. 

She is also provided with two Whitehead torpedo 

tubes. She is classed as an unarmored steel pro- 

tected cruiser, having a protective deck ranging in 

thickness from 2 1-2 in. down to 1 in. 

A significant incident of the voyage occurred while 

the Raleigh was steaming out of Gibraltar. She met 

Admiral Camara’s fleet coming in, and Captain Cogh- 

lan politely raised the Spanish ensign and fired a 

salute, which was quickly responded to by the Span- 

ish flagship. 

May, 1899. 

THE ARTHUR SEWALL, AN ATMERICAN SHIP-= 

ENTINE BUILT OF AMERICAN STEEL. 

This fine vessel is the largest steel sailing ship ever 

built in the United States, and is the third steel vessel 

built by Arthur Sewall & Co., shipbuilders and ship 

owners of Bath, Me. She was launched Thursday, 

February 23, and is at the present time engaged in 

loading for a voyage. The Arthur Sewall is a strong, 

rigid steel vessel, and her scantlings are equal to or in 

excess of the requirements of all the first-class classifi- 

cation societies. It was originally intended that she 

should receive the highest rating in the British 

Lloyds, but the owners finally decided to class her in 

both the Bureau Veritas and the American Bureau of 

Shipping. 

The principal dimensions of this new vessel are: 

Lengthvoveryallisncccdecceccceoeeneeree about 354 ft. 

MY | Pema alt Poncoonanpadod doddd0doodopueDDb0o 332,“ 

Lew Googg0000g000000000000 00000000000 45% 

Depth; sider facsiecicoctnatisee neato eee ciiaise eee oeiN 

sf (SENT P gpdadthdooon bode poucconouUUdgonodEDD 28 Gorin Siete 

‘“ (oyer) Xe) eee Ge onsouc oo omtEdonaobasaT oob6o QB ME Be eS 

Designed Ploadmdraughteece--eecedeeeieiicciet D2 Moaet Oe 

Registered@lengthwecacceniececitecei cece ERYA 

of beam vraviieis smcineisiers ce Heiscleleeseeerecte AD rine 

Gepthy ‘earrctig iieleeteltecicetorneceieieriiemnen OFet 

FASS VOM) Gooacoboa90000000000 3,209.3 tons. 

net ES oaths pa Srvats oteatalararstevarncls Tete 2,919 ss 

The Arthur Sewall has a dead rise of 20 in. and an 

easy turning bilge. She has the usual tumble home 

amidship; and a deck camber of 12 in. in 45 ft. The 

frames are 5 1-2 in. by 3 1-2 in. by 9-20 in. angle bars 

spaced 24 in. apart, with a reverse frame 4 in. by 3 in. 

by 9-20 in. angle bar on every frame running alternate- 

ly to the main deck and lower deck stringers. The 

floor plates are 2 ft. 7 in. deep in the center and 10-20 

in. thick; they are furnaced and carried in one piece 

from a point near the center line, to the upper turn of 

the bilge. The vessel has a bar keel, and her keel, 

stem and stern post. are the same size, viz., 10 in. by 3 

in. The vertical keel is placed on top of the floors and 

consists of a plate 24 in. by 15-20 in. placed vertically 

with two angle bars on the top and two on the bottom, 

each 6 1-2 in. by 4 in. by 9-20 in.; a rider plate is fitted 

on the top 14 in. wide and 14-20 in. thick. There are 

two side keelsons on each side of the vertical keel, and 

on the side of the vessel midway between the fioors 

and the lower deck beams, an orlop stringer plate is 

worked 45 in. wide by 9-20 in. thick. This plate is 

stiffened on the inside by longitudinal angle bars and 

is well bracketed to every alternate frame. 

The Arthur Sewall is a two decked vessel, and both 

the lower and main decks are continuous and extend 

throughout the vessel’s length. The main deck beams 

are of bulb T sections, 11 1-2 in. deep and 10-20 in. 

thick, spaced 48 in. apart. This deck is plated through- 

out and sheathed with yellow pine 5 in. by 3 1-2 in. 

The lower deck is 8 ft. 3 in. below the main deck and 

runs parallel to it. The beams of this deck are the 

same size and have the same spacing as the main deck 

beams. It is plated with steel for about 200 ft. amid- 

ship and a wood deck of yellow pine 6 in. by 3 in. is 

laid throughout. The bulwarks of this vessel are 5 

ft. high amidship, but this dimension is increased fore 
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6 MARINE ENGINEERING. 

weight on a draught of 22 ft. 6 in., and she will stand 

up without ballast when light in port. The vessel has 

great stability at light draught, and she will prove a 

good, seaworthy, stable ship when loaded with any ho- 

mogeneous cargo. Her proportions of length to depth 

and length to beam are rather excessive, for she is ap- 

proximately an Erskine M.Phelps, with a parallel mid- 

dle body of 20 ft. inserted amidship. She is not by any 

means a full ship, her block co-efficient at the designed 

load draught excluding the keel being only about .73. 

The Arthur Sewall, like her predecessors, has a neat, 

well proportioned sail plan. The lower masts and top- 

masts are of steel in one length, and the top gallant 

and royal masts are of wood in one piece. The spike 

bowsprit and three lower yards on each mast are 

made of steel, while all the remaining smaller spars 

are of wood. The fore, main, mizzen and jigger lower 

masts, including the topmasts, are 107 ft., 110 ft., 107 

ft., and 100 ft., respectively, above the main deck. The 

fore top gallant and royal masts are 70 ft. long, the 

main 72 ft., the mizzen 61 ft. and the jigger 49 ft. long. 

The lower yards are each 92 ft. long; the topsail yards 

measure 84 ft., the upper topsail yards 76 ft., the top 

gallant yards 65 ft., the royal 55 ft. and the skysail 46 

ft. She has six yards on each of the fore, main and 

mizzen masts, and being rigged as a shipentine, she 

carries no yards on the jigger mast. The spike bow- 

sprit projects 45 ft. beyond the bow; the spanker 

boom is 50 ft. long and the gaff about 36 ft. She has 

four head sails, three main, three mizzen and four 

jigger stay sails, which makes a total of thirty-four 

sails all told. The standing rigging is of wire rope set 

up with turnbuckles. The fore, main and mizzen 

masts have each five shrouds and.two backstays, two 

topmast backstays, two topgallant, and two royal back- 

stays. The jigger mast is fitted with four shrouds and 

one backstay, two topmast backstays, one top gallant 

and one royal backstay. 

The Arthur Sewall is fitted with all modern appli- 

ances for the rapid handling and stowing of cargo. A 

donkey engine of 25 H.P. works the ship’s windlass by 

means of a messenger chain, and the same motive 

power is used in port for discharging and taking on 

cargo. The vessel is equipped with three bower an- 

chors, two of which weigh 5,000 lb. each, while the 

third weighs 4,250 lb., excluding stock. She has also 

one 1,700-lb. stream anchor, and two kedges of 850 Ib. 

and 560 lb. weight respectively. Her main cable con- 

sists of 300 fathoms of 2 5-16 in. stud link chain, and 

she is also fitted with 120 fathoms of 1 3-16 in. stream 

chain and 90 fathoms of flexible steel wire tow line, 

besides the usual hawsers and warps. The windlass 

is of the steam capstan “Hyde” type, and two hand 

capstans have also been fitted. The running lights 

are carried in steel light-houses forward. There are 

two large portable cranes on the forecastle deck for 

the handling of the anchors. The total complement 

of the Arthur Sewall will consist of the Captain, four 

Mates, Engineer, Sail Maker, Cook, Steward, twenty 

seamen and eight boys, or thirty-seven men all told. 

The cost of the Arthur Sewall cannot. at this time be 

accurately ascertained, but it will probably be about 

$155,000, or a little over $48 per ton. It is indeed grat- 

ifying to know that Arthur Sewall & Co., without re- 

May, 1899. 

ducing the wages of their shipyard mechanics, have 

been able to construct two steel sailing ships, the 

Erskine M. Phelps and the Arthur Sewall, at their 

own yard, at a price about equal to that paid-by Brit- 

ish builders for the same class of tonnage. They have 

had to pay more than British builders for labor, but 

they have saved by duplication and the lower cost of 

American steel. This latter fact is particularly signifi- 

cant and worthy of note, for when the Dirigo was con- 

structed, only five years ago, the builders bought all 

their steel from Motherwell, near Glasgow, Scotland, 

and at that time the British steel, plus the price of 

transportation, could be obtained cheaper than steel 

of domestic manufacture. Arthur Sewall & Co. are 

now about to lay the keel of another shipentine, which 

will be very similar to the Arthur Sewall. The ac- 

companying plans show the design and dimensions of 

this fine vessel very clearly. 

The Arthur Sewall is in reality a duplicate of the 

Erskine M. Phelps, with an additional parallel middle 

body of 20 ft., inserted amidships, and the scantling 

and stiffening increased on account of the additional 

length. William A. Fairburn, of Bath, Me., drew the 

plans for these vessels and acted as consulting naval 

architect for-the builders and owners, Arthur Sewall 

& Co. 

THE STEAM YACHT AS A NAVAL AUXILIARY 

IN THE LIGHT OF SPANISH WAR 
EXPERIENCES.* 

} 
e/ 

y BY W. P. STEPHENS. 
A 

The subject of this paper is but one of many that 

have already come before the Society in their theo- 

retic aspects, and now, when tried by practice, it 

presents results which seem to be both definite and 

conclusive; and from which some useful lessons may 

be drawn. 

The work of reconstruction which has been under 

way in the United States Navy for the past fifteen 

years has been limited almost entirely to the strictly 

fighting arm of the service—the battleships, cruisers 

and torpedo craft. Indispensable as they are, these 

of themselves do not constitute a perfect navy; in 

fact they are of comparatively little use without a 

large attendant fleet of auxiliary craft; transports, 

colliers, water boats, repair ships, supply ships, hos- 

pital ships, and small craft for various uses. 

The condition of the Navy at the outbreak of hos- 

tilities between the United States and Spain may be 

briefly summed up as strong in its personnel; com- 

paratively strong in fighting vessels, guns, and ar- 

mor; and absolutely unprovided with auxiliaries of 

all kinds. Of all the urgent work demanded both 

ashore and afloat, nothing was more immediate and 

pressing than the creation of an efficient fleet of 

auxiliaries. : 

Among the numerous classes coming under this 

general head is one that is hardly accorded the dis- 

tinction of a specific title in naval programmes, but 

which, in the present case, was needed for three im- 

* Read at the Sixth General Meeting of the Society of Naval 

Architects and Marine Engineers, in New York. < 
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portant uses, as follows: First. For sea service as 

tenders to the blockading fleet, and general service 

in the shoal harbors and rivers of the West Indies, 

where the war vessels were barred by their draught. 

Second. For picket duty off shore, constituting the 

7 

when the possibility of war had almost crystallized 

into a certainty. This Board proceeded at once to 

examine a very large number of vessels, ranging 

from the large passenger steamers of the American 

Line down to the smaller sizes of tugboats and 

“Second Line of Defense.” Third. For harbor patrol yachts; and, in accordance with its reports, vessels 
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duty in connection with the guarding of mine fields 

and the enforcing of the war regulations governing 

ports and harbors. 

The preparation of this particular branch was but 

one detail of the important task entrusted to the 

“Naval Auxiliary Board,” specially created at a time 

were purchased from the special appropriation made 

by Congress for the purpose of defense. 

For the work above outlined two classes of vessels 

were selected, the ocean-going tug and the steam 

yacht, the latter to the number of twenty-seven. 

The selection was made from many localities, several 
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of the yachts coming from the Great Lakes. The 

vessels were mainly purchased direct from the own- 

ers, the price being fixed by the Board. As soon as 

the transfer of title was completed the yacht was 

delivered at the nearest navy yard, where the work 

was pushed as rapidly as possible. As a matter of 

course, the majority of the yachts hailed from New 

York, and the work on them was consequently exe- 

cuted at the Brooklyn Navy Yard. 

The capabilities of this material for an emergency 

fleet for suecessful conversion to war purposes were, 

as we shall see later, not of the best; but the facili- 

ties for carrying out the work were in the main 

satisfactory, the skilled labor and the necessary ma- 

terial being readily obtained. The only difficulty en- 

countered in this part of the work was in the detail 

of armament, there being a lack of some of the sizes 

of guns best fitted for these small vessels. 

To the yachtsman at least, the sight of the well- 

known vessels as they left the Navy Yard was a sur- 

prise and also a shock; under a dull monochrome of 

“war paint” (lead color) covering everything from 

water line to truck, the distinctive color scheme of the 

yacht was effaced entirely; there was no longer a 

trace of the green “boot top,” the jet black topsides 

relieved by gilded cove and trail boards and figure- 

head, with the sheer cut out cleanly by a strip of 

polished teak. The rich brown of the deck houses, 

the bright yellow of the spars, and the white sails 

set off by the parti-colored burgee at each truck, had 

all disappeared. The bowsprit was sawed off just 

outside the gammon iron and brought to a blunt 

point, the fore topmast shared a similar fate, pro- 

jecting but a few feet above the cap, and the main- 

mast had disappeared entirely. A pair of 3 or 6 

pounders grinned menacingly from the forecastle, a 

couple more from the quarterdeck, and bridge and 

deck house each showed an automatic gun. The 

rowing boats were retained, but the steam and naph- 

tha launches were left ashore. 

As each vessel was completed she was despatched 

to her station, many going direct to Key West, and 

from there to the Cuban coast; others were stationed 

along the coast of the eastern and Atlantic states 

to give warning of the approach of the expected 

Spanish fleet, while the smaller ones were assigned 

to duty in the harbors of New York, Boston, and 

other important seaports. At the outset the Sea 

Picket division was regarded as the most important 

of the three, but as matters turned out it had nothing 

to do, and after Cervera’s fleet.took refuge in San- 

tiago Harbor, it was withdrawn and the vessels des- 

patched to more southern stations. The work of the 

Harbor Patrol fleet was also very light, mere policing 

of the mine fields against the intrusion of garbage 

scows and coasting schooners. 

While specific information as to the individual per- 

formances of the main division of the yacht fleet in 

actual service is not yet at hand, enough is known 

to establish the fact that the fleet, as a whole, acquit- 

ted itself creditably and fully justified its creation. 

While some of the converted yachts proved failures 

and entirely unfit for sea work, and others were only 

partly satisfactory, many of them have done excel: 

lent work under trying conditions. The part played 
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by the Gloucester and the Vixen at Santiago was 

such as to bring them into special prominence, but 

the Mayflower, Yankton, Scorpion, and others have 

done regular and consistent service, though under 

conditions which have attracted less attention to 

them. 

The work of laying up this fleet really began before 

the actual cessation of hostilities, the smaller yachts 

of the Harbor Patrol being withdrawn and placed 

out of commission at the Brooklyn Navy Yard and 

other points. One yacht, the Free Lance, presented 

to the Government by her owner, F. Augustus Scher- 

merhorn, without conditions, was returned to him as 

soon as the need for her services in the New York 

Harbor Patrol fleet was over. Another similar gift, 

the Buccaneer, presented by W. R. Hearst, was also 

returned later on, being in Cuban waters when hos- 

tilities ceased. At the time of writing, most of the 

vachts have returned from the West Indies, the ma- 

jority of these to go out of commission. The Glou- 

cester, Scorpion, Vixen, Mayflower, and others of the 

larger and abler, are still in service. One yacht, a 

new craft uncompleted at the time of purchase and 

placed in commission only after the need for her was 

past, has been reserved for the special use of the 

President, a service heretofore performed by such 

Government tugs, lighthouse tenders, or other small 

craft as were temporarily available. She has been 

named the Sylph, and her original arrangements, as 

a private yacht, have been modified to suit this new 

use. No decision has yet been made as to the dis- 

posal of the yachts remaining, twenty-five in all, but 

it is probable that most of them will be offered for 

sale, ultimately returning to the pleasure fleet. 

In summing up what has been at best an experi- 

ment arising from an emergency which should never 

have occurred, it may be said in regard to the home 

divisions of the converted fleet, the sea pickets and 

harbor patrol, that the course of the war has been 

such that no serious or prolonged service was re- 

quired of either, and the merits of the fleet were not 

put to a practical test. Had, however, the antici- 

pated attack upon the North Atlantic coast proved a 

reality, it is safe to say that the yachts would have 

met all expectations. In the case of the third di- 

vision of the fleet, the vessels were put to the severe 

test of prolonged service at sea, under conditions 

for which they were never intended, and they were 

also engaged in attacks upon land fortifications and 

in some cases in engagements on the sea. The re- 

sult of this test has been, on the whole, quite as 

satisfactory as could have been expected. 

The possibilities of the yacht fleet at the present 

time for conversion to war uses were, even from a 

theoretic standpoint, far from promising. Many of 

the vessels were ill-fitted in model for real service at 

sea; there was a lack of displacement for the added 

weights of armament and ammunition, of berthing 

space for crew, of bunker space, and suitable loca- 

tions for magazines. The nominal speed, in many 

cases low in itself, was not realized even in smooth 

water, and in a sea there was a serious loss of the 

average working speed. There was no protection, 

no distilling apparatus; the capacity of the water 

tanks was generally inadequate, and the decks were 



May, 1899. 

not designed to withstand the shock of the guns. 

The draught as a rule was greater than was neces- 

sary or desirable. The nature and extent of these 

defects were fully realized at the outset, but under 

the circumstances there was no other course but to 

take the yachts as they were and to make the best 

of them. All things considered, they have done their 

work quite as well as was to be expected; they have 

served a certain necessary purpose, and they were 

capable of doing even more had it been required of 

them. 

It is impossible within the limits of the present 

paper to discuss the auxiliary fleet as a whole; but 

to those of us who have followed the discussions of 

this society year by year the experiment must be an 

1. U.S. S. Hist, formerly S. Y. Thespia. 

3, U.S. S. Gloucester, formerly S. Y. Corsair, 

interesting one. The lessons to be derived from it 

are, first, the necessity for timely preparation in the 

speedy building up of an adequate navy; and, second, 

that to be done properly, this work must proceed for 

a term of years according to a comprehensive and 

systematic programme, completed in advance and 

carried out as nearly as possible without change 

through successive administrations. 

The detail of the auxiliary fleet now under con- 

sideration, the yacht division, has, as I shall en- 

deavor to show, a special lesson of its own; that the 

naval programme may be advantageously extended 
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to include a type of small auxiliary indicated by the 

yacht, but not now in existence in this country. 

The present use of the yacht fleet being confessedly 

but an emergency measure, the question naturally 

suggests itself as to whether such a course would 

have been necessary had our Navy been theoretically 

complete in all its branches; notably, had the gun- 

boat and torpedo arms, instead of being exceedingly 

weak, been developed to the same extent as in other 

navies? 

This question may at once be answered in the 

affirmative, for the reason that none of the vessels 

of the gunboat or torpedo boat types are adapted for 

the special service demanded of the converted yachts. 

The high speed which is the leading motive of tor: 

: _, 2 U.S. S. Stranger, formerly S. Y. Stranger. 
5. U.S. S, Hornet, formerly S. Y,. Alicia. 

4, U.S, S. Scorpion, formerly S. Y. Sovereign. 

pedo boat design is not only needless for the work 

now under discussion, but entails the loss of many 

essential qualities. Incidentally, it may be observed, 

there has been, with the exception of one yacht, May- 

flower, no attempt to convert the yachts into torpedo 

boats; and had there been enough torpedo boats at 

hand for this service, the only available crews, large- 

ly made up from the Naval Militia, would have been 

unfit to handle them. 

Assuming, then, that however perfect the torpedo 

arm may be, there is still a distinct field of useful- 

ness for something of the yacht type, we come to the 
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question discussed at the first meeting of this So- 

ciety in 18938, of the policy of reliance upon the pleas- 

ure fleet as a regular means of defense in the future. 

The suggestion has been made in this connection 

that some scheme of co-operation between the Goy- 

ernment and individual yacht owners might be put 

into practice whereby, in return for certain privileges 

or compensations on the part of the former, the lat- 

ter might be induced to plan any new yachts with a 

direct view to their conversion to war uses. The 

objection both to this method of procedure and to 

the general policy of reliance on the yacht fleet are. 

very strong. On the part of the Government, the only 

effective inducement to be offered to the owner must 

be in some form of subsidy, a sort of special legisla- 

tion which is practically impossible. On the part of 

the owner, his personal requirements, to say nothing 

of the wishes of his captain, his wife, and his friends, 

are directly opposed to those of the war vessel. 

There is, it is true, a common ground whereon the 

owner and the Government might come together to 

mutual advantage in demanding the essentials of 

good design, a seagoing model, fair working speed, 

ample bunker space, etc., but in too many ‘cases 

these are but secondary to the demand for spacious 

saloons and lavish display of furnishings. To the 

owner who is willingly paying a very large sum for 

mere luxury and elegant appointments, the Govern- 

ment can offer but slender inducements to make his 

vessel a ship first and a palace afterward; or, when 

completed, to loan her for a time as a practice ship, 

as has been suggested as one feature of the scheme. 

Unless very much more can be done in this direc- 

tion than now seems possible, the experience of the 

present year is such as to indicate that the purchase 

and conversion of yachts is in every way undesirable 

as a permanent feature of naval policy. The de- 

fects of the existing fleet have been already indi- 

cated; many of them are mere matters of faulty de- 

sign due to the haphazard methods that have thus 

far largely prevailed in this country, the owner leay- 

ing everything to his captain, who in turn deals di- 

rectly with a builder. This class of defects will 

largely disappear as soon as the American yacht 

owner awakens to the appreciation of the importance 

of the trained specialist, the yacht designer, in the 

field of steam yachting as he has long since done in 

that of the sailing yacht. At the same time the good 

qualities of a perfect steam yacht are not of neces- 

sity such as to make her an ideal picket or patrol 

boat; and of the fleet available at any future time 

for ‘conversion, many will be found to possess posi- 

tive bad qualities, as in the present case. 

As a matter of permanent policy, however, the 

question of the efficiency of the converted yacht is 

but secondary to that of the cost, always a control- 

ling one in a naval programme. The circumstances 

attending the purchase of yachts for this purpose are 

necessarily such as to keep the price at a fair figure, 

and this price represents a large amount of furni- 

ture and decoration which is worse than useless, as 

its very removal entails some expense. Apart from 

this waste, the yacht needs to be strengthened for 

gun mounts, ete., and remodeled in all the internal 

details. When the emergency is passed and she is 
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no longer needed, her value as a yacht will have 

seriously depreciated, and the work of reconversion 

must be far more costly than that of the first change, 

as its details are reversed. Where the furnishings 

were hastily stripped at a mere cost of labor, new 

ones must be purchased and put in place; where 

spars were simply sawed off, new ones must be 

made and shipped; and in place of a plain coat of 

lead color over everything, regardless of appearance, 

the entire structure must be scraped and redecorated 

by skilled artisans. When the present experiment 

has reached its final stage in the sale of many of the 

yachts, and the result is reduced to plain dollars and 

cents, there will probably be little room for doubt as 

to the unprofitable nature of the work. 

While the actual co-operation of the Government 

and the yacht owner is hardly practicable, each may 

study with profit the lesson now before them. It is 

obviously to the interest of the Government to en- 

courage the building and use of yachts; apart from 

the indirect advantages of a national pleasure fleet, 

there is always the possibility of an occasion like the 

present, when the larger vessels must be depended 

on as a dernier ressort. While nothing can be done 

in the way- of direct financial aid, it is a wise and 

sound policy to encourage yachting by the removal 

of all unnecessary and oppressive regulations. 

On the part of the owner, it must be apparent to 

him now, if never before, that his interest lies di- 

rectly in putting his money into a vessel that as far 

as possible possesses the prime essentials for con- 

version to war use. It may happen, as in this case, 

that the opportunity to sell her at a fair figure is co- 

incident with a temporary inability to use her on 

account of war. How far he can go in the com- 

promise between his individual requirements and 

adaptability for conversion is a question to be set- 

tled with his designer; but he will hardly fail to 

realize that it is too important a matter to be disre- 

garded entirely, as it has been in the past. 

A careful study of the history of the yachts in the 

present war will show two important points: first, 

the theoretic value of vessels of the yacht type; and 

second, the limited extent to which the yacht fleet 

as a whole has realized in practice its theoretic effi- 

ciency. The work demanded and in part accom- 

plished by the yachts is not properly within the field 

of either the gunboat, the destroyer, or the torpedo 

boat. The former is too large; the torpedo vessels, 

of all classes, are designed mainly for a speed which 

not only is absolutely unnecessary for this special 

work, but is obtained through the sacrifice of essen- 

tials. 

The gunboat class in the new Navy had its origin 

in the Petrel, built in 1887, of 850 tons displace- 

ment, 11 ft. 7 in. mean draught, and 11.5 knots speed; 

a vessel now notable from her part in the battle of 

Manila Bay. The development of this class since 

then has been entirely upward, to vessels of 1,700 

tons displacement; and no attempt has been made to 

carry it downward from the Petrel. Useful as they 

are, the gunboats now in service and the new ones 

under construction are unfitted by their size for the 

work assigned to the yachts. 

So far as the torpedo boat is concerned, the pres- 
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ent war has been devoid of results; not only is the 

question of the true relative value of the torpedo 

fleet as much an open one as it was a year ago, but 

false lights have been thrown on it (through the poor 

performance of the Spanish destroyers, and also the 

good work of the converted yacht Gloucester) which 

are calculated to mislead, at least the popular mind. 

It cannot be too strongly stated that the idea, quite 

widely prevalent, that one converted yacht is the 

equal of two of the modern torpedo boat destroyers, 

is entirely erroneous. The destroyer and torpedo boat 

are to-day quite as formidable as they were a year 

ago, quite as essential, and with a wide field of use- 

fulness on which nothing of the yacht type can in- 

trude. At the same time, their limitations are nu- 

merous and well defined; they are necessarily most 

expensive and delicate machines, lacking protection, 

armament, bunker space, and crew accommodation; 

they demand special picked crews, whose endurance 

is severely tested in comparatively short trips at 

sea; and they are at all times liable to speedy de- 

terioration. The value of each individual boat de- 

pends mainly on the spirit and training of her crew 

and her excess of speed above others of her class. 

Had there been at hand this spring an ample fleet 

of torpedo boats, they would have been of but little 

use for the reasons that the trained crews to man 

them were lacking, and the men who were available, 

largely from the Naval Militia, were incapable of 

handling such delicate tools. 

The work of the yachts, their success and failures 

taken together, with the work of other small craft 

such as tugs, lighthouse tenders, etc., impressed into 

the same service, seems to indicate the desirability 

of the creation of a new type of small auxiliary not 

at present recognized on the Navy list. The con- 

trolling feature of design—the speed—may at the out- 

set be placed at a moderate figure for this era of 

increasing speeds, not over 18 knots. This, how- 

ever, is not to be measured by the conventional yacht 

standard by which an 18 knot steam yacht takes the 

wash of a good 12 knot tug, but means a reasonable 

approach to the designed speed under ordinary ser- 

vice conditions at sea, and the ability to keep with 

the fleet even in bad weather. The model should 

possess seagoing qualities of the highest class; the 

draught should be limited to 11 or even 10 ft. as a 

maximum; the construction should be durable, with 

ample scantling both to carry the armament and to 

insure a long life with care in lying up; the en- 

gines should be strong and reliable, the bunker 

space as large as possible, and, as deck and side pro- 

tection will probably be impracticable, especial atten- 

tion should be given to the waterline protection of 

machinery and magazines through their location and 

the disposition of the bunkers. The accommodation 

should include healthy and comfortable quarters for 

a proportionately large complement of officers and 

crew for an indefinite time, and the armament should 

be comparatively powerful, with the guns more ad- 

vantageously located than is possible on a yacht. 

Special provision should be made for magazines, am- 

munition hoists, distilling apparatus, and minor 

auxiliaries. There should be no sails, and no spars 

except the single military mast, and in all cases tor- 
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pedo tubes should be excluded. Profiting by one 

serious defect of the yachts, special attention should 

be directed to the disposition of space in holds and 

bunkers so that it may be utilized to advantage with- 

out a material change of trim. 

The intended uses of this class call for three sizes: 

for sea work, as despatch boats and tenders, and for 

picket duty, vessels of not over 800 tons displacement, 

about the size of the Gloucester and Scorpion, the 

draught not exceeding 11 ft. in a single screw boat; 

twin screw boats of this size with draught reduced to 

9 ft. would be very serviceable, as proved in the pres- 

ent case, for harbor and river work. The next size to 

be of about 400 tons displacement, about the size of 

the Hist, Eagle, and Hornet, twin screw vessels of 

7 to 8 ft. draught, intended for sea service as pickets. 

The third size, for harbor patrol service, to be of about 

200 tons and 6 ft. draught, designed for smooth water, 

carrying a light armament and limited supply of coal. 

A speed of 15 knots would suffice for this service, but 

they should be capable of towing a vessel. 

The requirements here set forth are in a general 

way but the theoretic qualities of the converted yacht, 

not fully realized now in any one vessel, but easily 

obtained in a special design. To the specialist in 

torpedo boat design or to the yacht designer, the prob- 

lem would be a simple one. On the one hand the de- 

mand for very high speed, approaching 30 knots, with 

its egg shell construction and numerous limitations, is 

entirely eliminated; and on the other the numerous 

and conflicting requirements of the private owner as 

to amourt and disposition of space are replaced by 

fewer and simpler ones. A vessel of this type could 

be built for far less than either the torpedo boat or the 

converted yacht; she would fulfil her own special 

mission, covering a very wide range of usefulness, 

better than either; she could be handled to advantage 

by the average crew, not necessarily experienced 

men; she could, when not needed, be laid up for an 

indefinite time, ready for service at a few days’ no- 

tice; and when thus laid up she would not be subject 

to the double deterioration of the torpedo boat; physi- 

cal in the actual disintegration of her light frames 

and plating, and technical in the outbuilding by ves- 

sels of newer design and higher speed. As practice 

vessels for the Naval Militia for short intervals in the 

summer, a purpose for which it has been suggested 

yachts might be borrowed, these vessels would be su- 

perior to either the yacht or the torpedo boat. They 

would carry a larger number of men than the torpedo 

boat, their armament of 4 in., 5 in. and 6 pounder 

rapid fire guns would be better suited for practice 

than the two extremes of the torpedo and the 1 

pounder; and while the larger sizes would be capable 

of practice cruises at sea, the smaller with their 

limited draught would be well adapted for such work 

as the exploration and study of local waters, as now 

carried on by the Naval Militia. 

With suitable designs once completed for each size 

of vessel in the class, there would be no necessity to 

modify them with each new improvement that gives 

speed; and the attention of the designer might be con- 

centrated upon the perfecting of details and such a 

reduction of engines and other parts to established 

standards as would minimize the cost of construction, 
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and also make it possible to add to the class very AMERICAN SCHOOLS OF MARINE 

quickly in the case of an emergency. 

An examination of the smaller types of gunboats in 

use by other nations would disclose many interesting 

points; but it is not necessary to go outside the imme- 

diate experiences of the past six months for several 

important conclusions. The conditions of coast de- 

fense, as thus indicated, involve certain work which 

is not within the legitimate field of the existing gun- 

boat class, or of the high speed torpedo boat; and 

which can only be done imperfectly and at great ex- 

pense by means of the conversion of the steam yacht. 

A special class of vessel fully fitted for this work can 

be constructed at a comparatively moderate cost; 

and, once provided in sufficient numbers, can be laid 

up for an indefinite time in a condition for almost 

immediate use. 

ENGINEERING AND NAVAL 
ARCHITECTURE. 

SCHOOL OF MARINE CONSTRUCTION, SIBLEY 

COLLEGE, CORNELL UNIVERSITY, 

SI DEACARINanYe 

A Comprehensive Account of the Special Instruction in This 

Branch of Engineering Given at This American 

University—Widely Famed for Its Courses 

in the Mechanic Arts. 

In the beautiful lake region of western New York 

there is probably no more picturesque location than 

that occupied by Cornell University. As the train, 

which carries the visitor to the college city of Ithaca, 

VIEW OF THE CAMPUS, CORNELL UNIVERSITY, IN MIDWINTER. 

The developments by Signor Marconi in wireless 

telegraphy have excited a considerable degree of en- 

thusiasm in marine circles, and experiments have 

already been made on the Great Lakes of this coun- 

try, in the Italian Navy and elsewhere, with a view 

to adapting Marconi’s apparatus to the transmission 

of signals between ship and ship and between ship 

and shore. Clearly intelligible signals have been 

transmitted 11-2 miles on the Great Lakes and be- 

tween South Foreland Lighthouse, England, and the 

French coast. M. Pasqualini, chief electrician of the 

Italian Navy, is reported as having developed a modi- 

fication of Signor Marconi’s apparatus by means of 

which signals were transmitted without trouble over 

a distance of 24 miles. All of the apparatus thus far 

devised, however, involves the disadvantage of ex- 

treme delicacy of adjustment, and for long distances 

(5 miles and upward) inconveniently long vertical 

conductors must be carried up into the air. M. Pas- 

qualini’s experiments seem to indicate that the prin- 

ciple is electromagnetic induction, pure and simple. 

suddenly rounds a curve the buildings of the famous 

University on the hilltop come into view; then, a few 

rods farther on, the valley opens out before him, with 

the little city in the foreground, and beyond lies 

beautiful Lake Cayuga, narrow because its length is 

lost in the horizon, and bordered by green hills which 

slope gently to the water’s edge. 

Ithaca is a typical college town, quiet and reposeful, 

with a dignity which is the result of a sense of pro- 

prietorship in a great American university. Cornell 

University has not the history behind it which other 

universities can take pride in, but it is probably for- 

tunate in this, as can be readily understood. The 

doors of the University were opened to students in 

1868 as the representative in New York of institu- 

tions incorporated under the general provisions of the 

Land Grant act of 1862. By the terms of this act the 

leading object in institutions taking advantage of its 

provisions should be to teach such branches of learn- 

ing as are related to agriculture and the mechanic 

arts. Due to this requirement of the Act of Congress, 
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made more practicable by the generous gifts of the 

late Hiram Sibley, instruction in the mechanic arts 

became from the start one of the leading features of 

the institution. Seeing that the mechanic arts as now 

practised are the outgrowth of modern scientific ef- 

fort, the advantages of building up an institution on 

modern lines, and with modern ideas only to be con- 

sulted, are very apparent. It was an act of creation 

rather than evolution, and in the material respects of 

location, convenience and adaptability to modern 

ideas, there was the grandest opportunity for an in- 

telligent disposition of things, undisputed by tradi- 

tion, precedent or vested rights. 

After its foundation the college work, so far as me- 

chanic arts were concerned, carried along upon the 

original lines until the year 1885, when the various 

departments concerned in this work, which from the 

first had been known collectively as Sibley College, 

were organized more distinctively upon an engineer- 

ing basis, with the present Director, Dr. R. H. Thurs- 

ton, in charge. The experience of Dr. Thurston as an 

officer of the U. S. Naval Engineer Corps during the 

Civil War, and later as a teacher at the U. S. Naval 

Academy, naturally led him to appreciate the impor- 

tance, especially to American mercantile marine in- 

terests, of an oportunity for the special study. of 

Marine Engineering and Naval Architecture on the 

part of those who were to be charged with the duty of 

designing, building and operating the American mer- 

cantile marine. The original inception of such a 

school at Cornell University may therefore be said to 

date from 1885, when the present Director of the Col- 

lege took charge. : 

The broad policy of the administration of Sibley 

College has constantly been: To provide, not only for 

the proper undergraduate courses in Mechanical En- 

gineering, but also to establish, as they may be called 

for and as the progress of the University may permit, 

a system of advanced schools of special branches of 

Mechanical Engineering. 

The time seeming ripe for such action, the School 

of Marine Engineering and Naval Architecture was 

organized as the first of such special schools, by order 

of the Board of Trustees, October, 1890. 

SCHEME OF INSTRUCTION, ETC. 

The object of this school is to provide courses of 

instruction and opportunities for research in such 

special branches of engineering as relate to the de- 

sign, building, powering and propulsion of vessels of 

any and all types. Such courses naturally fall under 

the heads: (a) Naval Architecture. (b) Marine 

Engineering. 

These two subdivisions are closely inter-related, and 

of the courses of study offered, many are common to 

both. Outside of these each branch is specialized in 

its own direction, the Naval Architect being, of course, 

more especially interested with the ship, and the 

Marine Engineer with the engine and the application 

of its power to the propulsion of the ship. 

The instruction in the courses in Marine Engineer- 

ing and Naval Architecture is given by Professors 

Durand and McDermott, who have held their present 

positions from the foundation of the school, and whose 

previous professional training and practical experi- 
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ence as a preparation for such work cover periods of 

from ten to twelve years each, for the former in the 

U. S. Naval Engineer Corps, and for the latter as 

Naval Architect to one of the leading shipyards on 

the Clyde. These professors devote their entire time 

to the work in these subjects, and specially aim to 

make the instruction thoroughly practical in its na- 

ture, while at the same time due attention is given to 

the theoretical or scientific, and to the development 

of a close relationship between the two, thus laying 

a broad foundation for the intelligent study of the 

subject both as a science and as an art. 

The instruction is given largely by lectures, or by 

lectures as supplementary to mimeograph notes and 

text-book. Frequent quizzes and occasional written 

essays on the subject matter of the lectures insure a 

proper understanding of the subject on the part of the 

pupil. In the course in Marine Engineering the de- 

scriptive study is based chiefly upon a large collection 

of blue prints representing in detail the best practice 

in mercantile and naval designs, while a course of 

auxiliary reading is assigned, including a half dozen 

of the best modern books treating of the subject. 

Much of the time of the student is spent in “applica- 

tion” work, consisting of computation and drawing, 

all of which is under the personal direction and fre- 

quent supervision of his instructor in the subject. 

The methods of instruction and the courses of study, 

hereafter enumerated in this article, are the result of 

a continuous development during the past eight years. 

That special training in Marine Engineering and 

Naval Architecture is of value in the modern ship- 

yard seems to be proven by the fact that most of the 

students thus trained have found employment in their 

chosen field, either in private shipyards or as assist- 

ant draughtsmen under the Navy Department Bu- 

reau of Construction and Repair. Some have already 

reached positions as chief draughtsmen, and in all the 

leading yards of the Atlantic coast and the Great 

Lakes representatives may be found, many of whom 

are doing work in connection with the more important 

recent designs, both for the Navy and for the Ameri- 

can mercantile marine. 

The university year, which is the same for all the 

colleges, runs from about Sept. 25 to June 15, and is 

divided into three terms, with about a week’s inter- 

mission between, at Christmas and at Easter. 

The University provides no dormitories, except for 

its 200 women students,.and the men find homes in 

the various boarding houses which abound on the 

side hill between the Campus and the business part 

of the town, or in the various Greek letter fraternity 

lodges, of which there are nearly thirty in active life. 

That “All work and no play makes Jack a dull boy” 

is nowhere more thoroughly believed than at a mod- 

ern university, and the long, almost unbroken, his- 

tory of victories in boating standing to the credit of 

Cornell, together with the good showing which her 

teams have made in base ball, foot ball, and other 

intercollegiate sports, show that these things receive 

their due attention as well as Greek and Mathe- 

matics, Science and Engineering, or Law and Psy 

chology. 

The situation of Cornell University in a small town 

in one of the most beautiful and picturesque parts of 
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16 MARINE ENGINEERING. 

the lake region of western central New York gives it 

special advantages from the educational standpoint. 

The location on the crest of a hill, about 400 ft. above 

the city of Ithaca, and overlooking Cayuga Lake on 

the north and the city and distant hills on the west 

and south, furnishes a never failing source of inspira- 

tion in itself. The open country lying back of the 

Campus and the lake within easy reach on the north 

give abundant opportunity for physical exercise and 

development, while in the town is to be found every- 

thing needed for comfort and convenience, without 

the distractions which are necessarily found in larger 

cities. 

But to return to the School of Marine Construction, 

it is a significant sign of the times that the ship 

builder, the ship owner, the political economist and 

the financier are all agreed that the American mer- 

cantile marine is sadly in need of new life and vigor, 

and that its rehabilitation is nothing short of a na- 

tional duty; though they are by no means so well 

agreed as to the means necessary to the accomplish- 

ment of this purpose. All will agree, however, that 

one of the important means to this end is a shipyard 

wherein with the minimum of expense, both in time 

and money, there can be produced with certainty a 

ship which shall, on the least expense for operation, 

fulfil the various specified conditions of design. In the 

present condition of the art of shipbuilding, and with 

active foreign competition in view, such results are 

not to be obtained by haphazard methods, and herein 

lies the great responsibility, and yet opportunity, of 

the School of Marine Construction. It is to the stu- 

dents of such institutions that the country must look, 

largely, for the restoration of America to the leading 

position among shipbuilding nations. 

COURSE OF STUDY. 

The course of study at Cornell recognizes the fact 

that the Naval Architect and Marine Engineer must 

have the broad training which lies at the foundation 

of all branches of the engineering profession, and that 

he should have, in addition, much of the special train- 

ing which relates to branches other than those in his 

own chosen field. 

With this end in view, the first three years of the 

course are, with slight exception, the same as for the 

regular training in Mechanical Engineering. During 

the third year the Naval Architect begins to special- 

ize in ship drawing, while the Marine Engineer con- 

tinues the regular course. During the fourth year a 

part of the work for both is the same as in the regu- 

lar Mechanical Engineering course, while a part is 

distinctively marine. The four years’ course thus 

planned leads to the degree of M. E., and constitutes 

a strong course in Mechanical Engineering, with suffi- 

cient specialization in marine work to enable the 

student to appreciate intelligently the leading prob- 

lems in this field. 

The amount of time which the student may devote 

to drawing, design, and similar work representing 

the application of the lectures is limited only by his 

ability and the time at his disposal. A certain amount 

of such time is required, but more may be given with 

corresponding benefit, if the time is available. To 

take advantage of this provision many students, by 
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working in the shops during vacations, and in various 

other ways, work ahead of the course and devote the 

additional time at their disposal to the subjects in 

which they are specializing. In this way it is not un- 

common for a student to practically double the 

amount of time available for drawing; design and 

similar “application” work. 

In addition to this work, given in the undergradu- 

ate course, a post graduate course is given, in which 

the student gives his whole time to marine work, and 

in which the undergraduate lines of study are car- 

ried on, and additional work of an advanced charac- 

ter is introduced. The student who successfully com- 

pletes the graduate year should be as well fitted for 

an intelligent introduction into the practical work of 

his profession as he can hope to be outside of the 

school of actual experience. The degree of M. M. E. 

may usually be taken at the end of a year’s post 

graduate work. » 

In the foregoing the course in general is outlined, 

and now the entrance requirements call for considera- 

tion, as well as the subdivision of time in the course, 

and a synopsis of the marine course will also be of 

special interest. 

ENTRANCE REQUIREMENTS. — 

The following subjects are required for admission: 

English, Physiology and Hygiene, History (the stu- 

dent must offer two of the four following divisions in 

History: (a) American; (b) English; (c) Grecian; 

(d) Roman), Plane Geometry, Elementary Algebra, 

Solid Geometry, Advanced Algebra, Plane and Spheri- 

cal Trigonometry and either French or German. 

The undergraduate course as at present specified 

requires about 226 hours of university credit, distrib- 

uted over four years of three terms each, a term con- 

sisting of about twelve weeks’ work. One hour of uni- 

versity credit means one lecture or recitation per 

week for a term. In counting drawing and shop work, 

three hours, and in counting laboratory work two and 

one-half hours per week for a term are required for 

one hour of credit. 

The distribution of the work for the marine course 

may be summarized in the following table, which is 

again represented graphically in the diagram printed 

hereafter. 

SUBJECT OR HOURS OF 

ALLIED GROUP OF SUBJECTS. CREDIT. 

(1) Mathematics and Mechanics, includ- 

PERCENTAGE 

SUBDIVISION. 

ing Descriptive Geometry.......... 36 16.0 

(2) seModern Wan Zzuagenmenencsecesstnieeceenane, 4.0 

(3), Physics and Chemistry..:..-.-....--.- 36 16.0 

(4) SDrawinl et! en sassiie seer ioe 15 6.6 

(5) Electrical Engineering. .............. 10 4.4 

(6) Mechanical Engineering (general).... 41 18.0 

(Ch) SUOMI ccoocoooobowodocvosn0uconoo00 Bil 13.7 

(8) peMarnines Coursestmrreemerrircnict irc 48 21.0 

226 

In the graduate year the time is practically all spent 

in marine work, or in work closely allied to it, along 

advanced lines, as indicated in the synopsis of the 

studies below. 

Synopsis of Courses. 

NAVAL ARCHITECTURE. 

The leading features of this course are as follows: 

Methods of approximate integration and their appli- 
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18 MARINE ENGINEERING. 

eation to the calculations arising in naval architec- 

ture; theory of the planimeter and integrator; in- 

tegral curves and theory of the integraph; the various 

form coefficients, their significance and relationships; 

computations for displacement, tons per inch, centers 

of buoyancy, metacenters, moment for change of trim, 

wetted surface, etc. In connection with these the 

usual curves and graphical representations are laid 

down. Careful attention is given to the relationships 

ow Ooh WN = 

DISTRIBUTION OF WORK FOR MARINE COURSE. 

existing between these various geometrical quanti- 

ties, and a thorough foundation is laid for the intelli- 

gent study of any portion of the immersed body so 

far as may relate to areas, volumes and centers of 

gravity. 

Following these subjects the foundation is laid for 

the theory of stability, and representative methods in 

use are explained and illustrative computations are 

made. 

The theory of the strength of the ship, considered 

as a complex girder, is developed in detail, methods 

of computation are derived, and actual computations 

are carried out in the work under the course of Ship 

Construction and Design. 

The subjects of resistance, propulsion and power- 

ing are considered in great detail, and the most ap- 

proved methods are given and illustrated by the re- 

sults of experimental research. 

Special attention is paid to the laws of comparison 

and to methods of analyzing the results of experi- 

mental and trial data. 

The theory and design of the screw propeller re- 

ceive careful attention, and the most approved meth- 

ods are illustrated by numerous examples and illus- 

trative problems. 

In the advanced course, in addition to new sub- 

jects, several topics already studied are taken up and 

studied again in a more general way or from a more 

advanced standpoint, the object being the more com- 

plete preparation of the student through such work 

for the intelligent treatment of the various problems 

which continually arise in both the science and art of 

marine construction. The work consists partly of 

lectures, partly of directed courses of reading, and 

partly of personal study on the part of the student 

under the direction and aid of the professor in charge. 

Among the topics thus studied are these: stability by 

special methods, advanced stability theory, water in 

bilged compartments, added or subtracted weights, 

inclining experiments, liquid lading, launching con- 

ditions, wave motion, oscillations of ships in still 
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water and waves, trial trips and their analysis, theory 

of the rudder and of gyrations, special problems in 

stability, stress and strain, resistance, propulsion. 

SHIP CONSTRUCTION AND DESIGN. i 

This course, which extends throughout the year, 

opens with a series of lectures on ship building, in 

which the innumerable details of construction of steel 

and iron vessels, their fittings and equipment, are 

fully described. 

Starting with a description of the work involved 

and the methods employed in the laying down and 

fairing of the lines of a vessel in the drawing room 

and mould loft, the rules of the leading registration 

societies or associations—American Bureau of Ship- 

ping, United States Standard, British Lloyds, Bureau 

Veritas, etc.—for the construction and classification 

of vessels are next taken up, the scantlings or sizes 

of the different parts of the steel and iron structure 

of vessels, and the mode of procedure in obtaining 

them peculiar to each society, are carefully examined 

and compared in detail. 

Following this the lectures deal with the different 

operations in the shipyard, connected with the prepa- 

ration, assemblage and fastenings of the various parts 

of the ship in all the stages of construction, includ- 

ing the preparation of the scrive board, preparing 

the ground in way of building slip, laying of keel 

blocks, laying of wood decks, ceiling, building of 

houses for passenger and other accommodation, fit- 

tings, cementing and painting. Special attention is 

devoted to a description of the leading types of ship 

machines for the handling of cargo, anchor gear, 

steering gear, pumping, drainage, ventilation, light- 

ing, systems of telegraphy, life saving appliances, 

and other details of general equipment and outfit. 

The application of steam, compressed air, electrical 

and hydraulic power to the above appliances is 

dealt with in the general discussion. 

The series of lectures concludes with a detail of the 

operation of launching, docking, placing machinery, 

masts and other heavy weights in position, and the 

general completion of the vessel. 

Supplementary to and illustrative of the work em- 

braced in the above lectures, the following drawing 

room exercises are performed as far as time and skill 

of the student will permit: Laying down and fairing 

a set of lines of a vessel to fulfil given geometrical 

conditions. Preparation of mid-ship section of same 

vessel, showing scantlings according to the rules of 

the aforementioned registration societies. General 

arrangement plans showing disposition of machinery, 

cargo holds, coal stowage, passenger and crew accom- 

modation and general equipment. Computations of 

the different geometrical quantities for verification 

in comparisons with those stated in the given con- 

ditions. 

In performing these exercises close personal super- 

vision is given and the salient features of the work in 

general application are pointed out and discussed. 

Having become familiarized with the art of ship 

construction, and gained a thorough knowledge of the 

fundamental principles upon which the science is 

based, from his studies in Naval Architecture, which 

are carried along on parallel lines, the student is pre- 

pared to take up the problem of Design. 

—— 
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20 MARINE ENGINEERING. 

This division of the course is dealt with in a series 

of lectures under the following heads: 

Weights: Hull, outfit and equipment; machinery; 

fuel; passengers, crew, and their effects; stores, pro- 

visions and fresh water. The most approved methods 

of estimating the above weights are carefully con- 

sidered. 

Dead Weight and Stowage: Of cargo of different 

classes peculiar to the various trades are fully dealt 

with, as also that of coal, oil and other fuels. 

Speed and Power: The subject of speed is given 

special attention, and the relationship between speed 

and power is discussed from the designer’s stand- 

point. 

Stability: The question of stability, as found in 

every day practice, receives careful treatment. The 

determination, experimental and otherwise,, of the 

centers of gravity of vessels, their machinery and 

loads in different conditions of service, are explained 

and discussed. 

urim: The trim of vessels is dealt with in similar 

detail. 

Safety: The considerations which are involved un- 

der this important head are fully examined—water- 

tight subdivision, duplication of machinery, fire an- 

nihilation and pumping, freeboard, stability, and 

other branches of the subject are passed in review, 

and the part which each takes in the general solu- 

tion of the problem is carefully considered. 

Strength: The strength of a ship, in its separate 

details and as a completed structure, is taken up and 

critically examined. 

Finances: The cost of production is next taken up 

and different systems of estimating the cost of vessels, 

their machinery and outfits complete, are explained 

in detail; the effect which the several conditions have 

upon the cost are carefully pointed out from both the 

ship builder’s and the ship owner’s point of view. 

Having passed in review the underlying principles 

and conditions of design in detail, under these heads, 

the concluding lectures deal with the selection of the 

most suitable dimensions to fulfil the conditions, in 

whole or in part, as they are met with in the ordinary 

demands of the commercial marine. 4 

In the drawing room the work embraced in these 

lectures is applied and illustrated, each student pre- 

paring a completed design to fulfil a given set of con- 

ditions. 

As a conclusion of the completed course, one or 

more lectures, as may be found necessary, are given 

upon the organization and administration of ship and 

engine building establishments, considered techni- 

eally and financially. 

In the advanced or post graduate course in ship 

design the student progresses along lines of original 

thought and investigation. 

MARINE MACHINERY. 

The subject is studied first from the descriptive 

standpoint, illustrated by large numbers of drawings 

and prints representative of the best modern prac- 

tice in both naval and mercantile designs. The vari- 

ous types of marine boilers, including the various 

forms of tubulous or water tube boilers, are examined 

and their peculiar characteristics, advantages and 

limitations are pointed out. Special note is taken of 
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corrosive and deteriorating causes, and the best means 

of prevention. Attention is also given to piping, the 

various methods of forced draft, special fuels, boiler 

auxiliaries, evaporators, feed-water heaters, etc., with 

hints on general boiler care under the conditions of 

use. The influences of the peculiar conditions of 

marine boiler practice upon the general principles of 

boiler design are then examined, coupled with analy- 

ses of the designs of boilers representing the best 

practice, and followed by designs of an original char- 

acter by the student. : 

In a similar manner a study is made of the peculiar 

conditions under which the marine engine is obliged 

to work, and of the advantages and disadvantages of 

the different types and forms. The influence of these 

peculiar conditions on general engine design is noted, 

and analyses are made of several designs representing 

modern practice. These are followed by numerical 

designs of an original character for both main engine 

and auxiliaries, supplemented by actual drawings as 

far as the time will permit. 

Special attention is paid to vibrations and the bal- 

ancing of marine engines; the derivation of the prob- 

able indicator cards for a multiple expansion engine 

‘from the valve events and the cylinder, receiver, and 

clearance volumes; and the derivation of curves of 

turning moment and their modification by the inertia 

of the moving parts. In carrying out this work in 

design a detailed examination is made of the problem 

of balancing and crank effort, including the influence 

of inertia, using both graphical and numerical meth- 

ods of computation. All valve gears are designed and 

the results analyzed by the aid of a specially designed 

valve gear model which gives accurately the move- 

ments of the various parts, and the consequent move- 

ment of the valve. For the machinery thus designed, 

general specifications of the whole and detailed speci- 

fications for at least a part are prepared, in order to 

familiarize the student with the forms and phrase- 

ology employed. 

MARINE ENGINEERING. 

This course is a continuation of the course on 

Marine Machinery, and consists of an advanced study 

of various special topics connected with the design, 

construction and efficient management of marine ma- 

chinery. The designs are carried on to include detail 

drawings of the more important parts of the engine 

and auxiliaries. One or more general arrangement 

plans are also prepared, showing the main and prin- 

cipal auxiliary machinery, boilers, uptakes, smoke 

pipes, principal steam and water pipes, coal bunkers, 

store rooms, ete. Lectures are given in these and 

kindred topics, and special subjects for personal study 

and research are assigned, the better to develop in- 

dependence of thought and method and acquaintance 

with engineering literature. 

SEMINARY. 

This exercise consists of a weekly meeting, in which 

the current technical and professional literature is 

discussed, with such other special topics as may seem 

timely. The current literature is assigned among 

the members of the class, abstracts of articles and 

notes of interest being presented at the seminary for 

common information and for free discussion. The 

object is to provide a means for keeping up with the 
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world’s progress in professional matters, and an in- 

formal meeting for the ready interchange of ideas 

among those interested in this line of work. 

THESIS. 

_ The subject of the graduating thesis in this school 

may be either the design of a ship or her machinery, 

or a special investigation of some particular topic in 

this field. If a design is chosen, an early choice of 

subject makes it possible to apply much of the illus- 

trative work of the course to the thesis, thus making 

it more complete than it could otherwise be made in 

the time usually allowed. 

EQUIPMENT AND FACILITIES FOR INSTRUCTION. 

The school occupies commodious and well lighted 

quarters, consisting of drawing room, lecture room, 

offices and store rooms, and is well equipped with all 

material aids for the study of Marine Construction. 

Special attention is given to the varied computations 

which form so large a part of the work of the naval 

architect, and the student is drilled from the first 

in the use of the most approved mechanical aids, 

such as the planimeter, integrator, integraph, comp- 

tometer, slide-rule, etc. Especial attention is given 

to the use of the slide-rule in computations, the school 

being well supplied with “Fuller” rules, and every 

effort is made to give to the student sufficient prac- 

time to make him familiar with the more important 

mechanical aids as they may be applied in his every 

day work. At the same time purely numerical com- 

putations are by no means neglected, and special at- 

tention is given to accuracy and rapidity in all work 

of this character. In addition to these instruments 

the school possesses a large collection of drawings, 

blue-prints, and photographs representing all varieties 

of marine construction and serving as valuable ma- 

terial for illustrative purposes. 

During the past eight years an effort has been made 

to gather into the University Library the literature 

relating to marine construction, both in English and 

in the European continental languages, and both mod- 

ern and historical. As a result the library is excep- 
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College of Civil Engineering. This canal is about 

350 ft. long by 16 ft. wide and 10 ft. deep. Arrange- 

ments have been made whereby the facilities here 

afforded may be made available for the purposes of 

this school, and it is hoped that in the near future 

the canal will be provided with the equipment needed 

for special research in the fields of resistance and 

propulsion. 

SPECIAL STUDENTS. 

An excellent feature of the college is the provision 

for the special admission of students who are not 

candidates for degrees. Such students may be ad- 

mitted without examination to any of the courses. 

They must be not less than 21 years of age, and their 

training and preparation must have been such as to 

enable them to carry on with profit the courses which 

they propose to take. 

Under these conditions, persons who may already 

have some knowledge of the subject, but who may 

wish to acquire a more exact knowledge of funda- 

mental principles and approved methods, or who may 

wish to pursue special studies on certain topics con- 

nected with the subject, may spend with profit a year 

or more as a special student in this work. While 

such students do not take a degree, they may be given 

a certificate of attendance, stating the amount and 

nature of the work which they have successfully com- 

pleted. This gives a splendid chance for the practical 

man who has not had opportunity to follow up ad- 

vanced theoretical work to take up such work and get 

the benefit of university instruction and facilities. 

Such a student who realizes his needs and the extent 

to which they must. be supplied usually makes an 

earnest and highly successful worker. 

EXPENSES. 

The tuition fee for all students is $125 a year. 

Books and laboratory fees amount to from $25 to $40 

additional. The usual cost in Ithaca of board and 

lodging varies from about $4.50 to $7 per week. 

COLLEGE AND UNIVERSITY. 

Of Sibley College in general and the opportunities 

for the special study of mechanical and electrical 

Lake Cayuga. 

tionally complete in this department, containing in 

addition to practically all of the modern literature 

many rare books of great historical value and in- 

terest. 

In addition to these items used in every day in- 

struction, attention is also called to the new experi- 

mental tank or canal, a part of the extensive hydrau- 

lic laboratory just established under the charge of the 

City of Ithaca. Cornell University. 

engineering as introductory or supplementary to the 

marine courses, an entire article might be written. 

The accompanying photographs, however, will fur- 

nish an idea of some features of the equipment. Of 

special importance for the students of Marine Con- 

struction are the facilities for the study of the proper- 

ties of materials provided by the testing laboratory 

with an equipment of upward of fifteen testing ma- 
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chines of capacities varying from 300,000 to 15,000 

pounds, and including the Emery hydraulic machine 

exhibited under government auspices at the World’s 

Columbian Exposition. Of a similar character is the 

equipment of the Department of Electrical Engineer- 

ing in conjunction with the University Department 

of Physics, whereby are afforded unexcelled facilities 

for the study, both theoretical and experimental, of 

electrical generators, motors, and of electrical appara- 

tus and equipment of all kinds. 

Much might also be said of Cornell University as a 

whole, with its nine colleges, some fifty departments, 

and a teaching force of nearly three hundred profes- 

sors and instructors. Among these various depart- 

ments of instruction, those of Mathematics, Physics, 

Chemistry, Law, and Political Economy, furnish most 

valuable opportunities for the study of special topics 

of interest to the Marine Engineer and Ship Builder. 

These and all other departments of instruction are 

open to any student in the University, under the gen- 

eral restriction only that his previous preparation 

shall be sufficient to enable him to take up thé work 

with advantage to himself. 

Two large steamships for the Morgan Line, the El 

Norte and El Sud, were launched last month by the 

Newport News Shipbuilding & Dry Dock Co. They 

are sister ships and will cost $600,000 each. In dit 

mensions they are as follows: Length over all, 406 ft.; 

beam, 48 ft.; depth, 33 ft. 9 in.; gross tonnage, 4,665 

tons. The hulls of the ships are of steel throughout, 

and they will have three decks. They are rigged 

with two steel pole masts and necessary booms for 

handling cargo. . 

DISCUSSION OF THE PERSONNEL BILL RE- 

CENTLY PASSED BY CONGRESS. 

BY DAVY JONES, A. B. 

The Act to reorganize and increase the efficiency of 

the personnel of the Navy and Marine Corps of the 

United States, or, as it is better known, the Naval Per- 

sonnel Bill, having been passed by Congress at its 

last session and approved on March 3 by the Presi- 

dent, a brief outline of the circumstances leading up 

to the framing of such a measure, particularly in its 

bearing toward engineering in the Navy, as well as 

the bill’s provisions as finally enacted into law, must 

prove of interest. 

To those who have followed the gigantic strides and 

wonderful development of warship construction with- 

in recent years, it will not seem strange that an or- 

ganization which rested mainly on sail power as a 

foundation must of necessity be obsolete. Sixty years 

ago warships were propelled by sails alone, and there 

existed no necessity for Engineers. With improve- 

ments in the steam engine came its gradual applica- 

tion to vessels as their motive power, but only at first 

as an auxiliary to sails in calm weather. Later, dur- 

ing the period of the Civil War and for years after- 

ward, the conditions became reversed and steam was 

regarded as the principal motive power and sails as 

auxiliary. To-day sails have entirely disappeared 

from our warships as a propulsive power. 
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With this advancement in our ships to meet modern 

conditions, our personnel in its organization on ship- 

board has not kept pace. The long history of the sea 

shows nothing so steadfast, nothing which withstands 

the years so firmly, as naval law and custom which 

govern the duties of officers and men. Although for 

fully half a century steam has been a growing factor 

in naval science, the horse power of naval vessels in- 

creasing from the maximun of 1,000 in 1864 to 21,000 

in ships of recent date, and with auxiliary machinery 

increasing from the scant half dozen engines of the 

Monitor to 175 steam cylinders in the Columbia type, 

the organization of our personnel remained practically 

as during the Civil War. 

It is true the education of Line Officers has, in later 

years, been supplemented by a course in engineering, 

since in actual service a part of their daily duty is the 

handling of much of the auxiliary machinery, includ- 

ing dynamos, turret machinery and ammunition 

hoists, etc. Fundamentally, however, the old method 

of making a sailor prevailed, and, nothwithstanding 

the slight engineering training given, no real effort 

has been made until recently to fit the personnel to 

the modern matériel. 

Under a naval organization, therefore, which was 

based on the needs of days when steam played an in-. — 

conspicuous part, it could not be otherwise than the 

varying interest of the two corps of officers—Line and 

Engineer—with their widely distant points of view, 

and ever increasing overlapping duties, should pro- 

duce the conflict which has been waged between these 

branches of the Navy for more than thirty years. 

Discord was inevitable because the organization was 

irrational. Efficiency, as well as harmony, demanded 

a full recognition of the Engineer. The Line Officer, 

however, justly proud of the past achievements of his 

corps, was disposed to yield none of his military func- 

tions to the newcomer; while the Engineer, trained in 

the same school, and side by side with Line Officers, 

could not but see injustice in a system which gave him 

a vast responsibility in care of machinery of all types, 

with the control, in some cases, of half the crew, and 

yet refused him the right to command enlisted men, 

classed him as a non-combatant and denied him the 
military title which for centuries has been associated 

with the fighting man. 

Some idea of the bitterness of this Line and Staff 

struggle may be gleaned from the writings of Gover- 

nor Roosevelt, who, after appointment as Assistant 

Secretary of the Navy in 1896, quickly recognized the 

danger to a military service thus divided against it- 

self. It was in part due to his persistent efforts that 

a solution of the problem was reached. He says: 

Not long after I became Assistant Secretary of the Navy my 

attention was called, by a number of occurrences, to the fact 

that there was much friction in the personnel of the Navy be- 

tween the Line Officers and the Engineers. Its was not so much 

that any one officer, or set of officers, made charges against an- 

other, but that the point of view on both sides showed a state of 

affairs which, if allowed to continue, would certainly be detri- 

mental to the efficiency of the Navy. It was very unpleasant, 

to find officers of the highest standing displaying toward brother 

officers of a different corps a feeling of jealousy, which was em- 

phatically unworthy of a service with such noble traditions, and 

of officers so single minded in their devotion to the flag. 

This state of affairs demanded investigation, in order to as- 

certain whether something could not be done to do away with 

the conditions that had called it into being, and to make every 
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officer in fact, as he already was in desire, an active helper in 

the upbuilding of the efficiency of the Navy. 

Consultation with members of the Naval Committees of the 

Senate and the House revealed the fact that the trouble was 

chronic, and had causd serious damage to the Navy in Congress, 

for every Congressman who was doubtful as to the policy of 

upbuilding the Navy was apt to be changed into a positive foe of 

the Navy by this ‘‘Line and Staff”’ fight. 

In November, 1897, the Secretary of the Navy or- 

ganized a Board of Officers, with Assistant Secretary 

Roosevelt as President, for the purpose of considering 

measures calculated to promote harmony and increase 

efficiency in the naval service, with special reference 

to the Line and Engineer Corps. The Board was 

composed of seven Line and four Engineer Officers, 

and may be considered fairly representative of the 

two corps, a majority of the officers having been in the 

Navy over thirty years, while each side had one of- 

ficer to represent the younger men. As the Engineers 

had long contended that they were not accorded a 

proper status in the Navy, they were called upon by 

the Board for a statement of their claims, and these 

were submitted substantially as follows: 

1. The right to exercise military command over the 

men of the Engineer department. It will surprise 

civilians, no doubt, who are unfamiliar with Na- 

val laws and regulations, to learn that such a 

claim as this should be necessary; but existing 

laws and regulations have heretofore explicitly 

denied the right of command to all Staff Officers, 

which includes Engineers. 

2. The right, under proper circumstances, to command 

any enlisted man. With the right of command 

denied to Staff Officers there have been cases in 

which it was attempted to subordinate a com- 

missioned Staff Officer to an enlisted man. 

3. Actual instead of “relative” or “trade dollar” rank, 

in order that the legal right to command enlisted 

men should not be questioned. 

4. The military title indicative of this rank, but with 

the name Engineer Corps added, in order that 

there might be no confusion with Officers of the 

Line, and following the custom of the Army with 

respect to officers of the various Corps and De- 

partments. 

The Board thoroughly discussed these several 

claims, and while some of the propositions were con- 

sidered with a certain degree of approval, it may be 

said in general terms that the claims met with unani- 

mous opposition of the Line Officers composing the 

Board. It thus seemed that a deadlock had been 

reached at the very start, since one side totally dis- 

agreed with what the other considered as vital. A 

solution, however, came immediately afterward in a 

proposition from one of the Line Officers to abolish 

the separate Corps of Engineers and to have all engin- 

eering duties performed in the future by Line Offi- 

cers. This proposition, after several days’ thorough 

discussion, was adopted, although it can hardly be 

claimed as originating with the Board, since there 

have been in the past many who have given close 

study to the personnel question and could find no 

other satisfactory solution. It is worthy of note, too, 

that the vote of the Board on such an unmatched in- 
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novation was practically unanimous, there being but 

one dissenting voice. 

Proceeding, therefore, on the lines of amalgamating 

the Deck and Engineer Officers into one homogeneous 

corps, as the distinguishing feature, the Board framed 

for Congressional action a bill to bring this about 

with, as far as possible, even justice to all officers of 

both corps. 

As to the reasons actuating the Board in recom- 

mending a solution to reconcile all differences by such 

a radical change, it is of interest to quote from the 

report of Governor Roosevelt, submitted to the De- 

partment soon after the Board’s labors were com- 

pleted. He-says, in part: 

As was natural, in groping about to remedy a new evil caused 

by new conditions, it has seemed very difficult to hit upon the 

right expedient. Yet in reality the remedy is simple and obvi- 

ous. All that is needed is to make the Line Officer and the En- 

gineer the same man, by throwing both corps into one; or, in 

other words, to do away with the Engineers as a separate corps 

by requiring all Line Officers hereafter to possess that knowl- 

edge, both theoretical and practical, of steam engineering and 

mechanics which it is absolutely indispensable for the thorough- 

ly efficient modern Line Officer to show. 

Every officer on a modern war vessel in reality has to be an 

Engineer, whether he wants to or not. Everything on such a 

vessel goes by machinery, and every officer, whether dealing 

with the turrets or the engine room, has to do Engineer’s work. 

There is no longer any reason for having a separate body of En- 

gineers, responsible for only a part of the machinery. What 

we need is one homogeneous body, all of whose members are 

trained for the efficient performance of the duties of the modern 

Line Officer. The midshipmen will be grounded in all these 

duties at Annapolis, and will be perfected likewise in all of 

them by actual work after grduation. We are not making 4 

revolution; we are merely recognizing and giving shape to an 

evolution, which has come slowly but surely and naturally, and 

we propose to recognize the Navy along the lines indicated by 

the course of the evolution itself. . . 

On the fighting ship the fighting man must stand supreme; 

only he must know how to handle his tools, and must change 

as the ship changes, so that precisely as he once knew about 

sails, now he must know about engines. There can be no 

divided command. Only one man can exercise it; but he must 

be thoroughly fitted for it. It is not necessary that he should 

possess the manual dexterity whether of the topman or of the 

engine driver; but he must have passed through the training 

which will enable him to oversee and direct their work. 

A change like that which took place two hundred years ago 

must take place now. As then, the sailor man who knew only 

how to handle a ship had to be merged in the trained officer, 

while the sea soldier who had once commanded his troops 

either ashore or afloat became also a sailor man, so now the 

Line Officer and the Engineer must become one. 

Of course, such a proposition naturally meets opposition. 

The old Line Officer wags his head at the thought of the new 

duties to be learned, just as one of Blake’s lieutenants, in his 

fierce battles with the Dutch and Spaniards, would have wagged 

his head if told that he ought to know how to stand his trick at 

the helm or to handle the rigging; while the old Engineer Offi- 

cer, untrained to military command, disbelieves in any but one 

of his own kind being able to acquire the knowledge of his pro- 

fession. Nevertheless, the difficulties in the way of realizing the 

proposed scheme are in reality altogether shadowy. The Engin- 

eers are now taken from precisely the same class of men, with 

precisely the same ideas, as are the Line Officers, and when their 

duties are made those of Line Officers they will show precisely 

the same capacity for command. The Line Officers in turn are 

already of necessity continually doing more and more engineer- 

ing work. Blectricity, for instance, is in the Navy purely in 

the hands of Line Officers, who have developed it to a high de-~ 

gree; while the Ensigns on our torpedo boats, who are in fact, 

although not in name, detailed as Engineers aboard them, are 

having a training which guarantees their thorough efficiency 

hereafter in the engineering part of their profession. 

In short, it is absolutely essential that the best naval officer 

of the future shall be proficient in engineering. 
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To sum up, we must disregard the prejudices of the old style 

Line Officer and old style Engineer, precisely as two centuries 

ago it was necessary to disregard the prejudices of those who 

would have kept separate the functions of the man who fought 

the ship and the man who sailed her. 

While amalgamation of the Line and Engineer 

Corps is the most radical and far reaching feature of 

the personnel bill, the measure embraces as well other 

matters of signal importance to the Navy. The essen- 

tial points contained in its provisions may be briefly 

summarized thus: 

1. Amalgamation of the Line and Engineer Corps. 

2. Regulated flow of promotion for Line Officers. 

8. Promotion to commissioned rank of deserving War- 

rant Officers. 

4. Adoption (for all sea-going corps) of Army pay, 

rank for rank. 

5. The establishment of a new grade of Warrant Offi- 

cers for the mechanical branch of the service. 

6. Enlistments to be hereafter four years, instead of 

three, with provision for retirement of enlisted 

men after thirty years’ service. 

7. Reorganization and increase of the Marine Corps. 

Owing to the fact that Engineer Officers were ap- 

pointed under different laws, with different systems 

of training, it seemed impossible to frame any one 

general provision which would apply with fairness 

to the 176 officers comprising the whole corps. It was 

found necessary, therefore, to cover the details of 

amalgamation by the following six sections: 

Be it enacted by the Senate and House of Representatives of 

the United States of America in Congress assembled, That the 

officers constituting the Engineer Corps of the Navy be, and are 

hereby, transferred to the Line of the Navy, and shall be com- 

missioned accordingly. 

SECTION 2. That Engineer Officers holding the relative rank 

of captain, commander and lieutenant-commander shall take 

rank in the Line of the Navy, according to the dates at whicn 

they attained such relative rank. Engineer Officers graduated 

from the Naval Academy from 1868 to 1876, both years inclusive, 

shall take rank in the Line next after officers in the Line who 

graduated from the Naval Academy in the same year with them: 

Provided, That when the date of a Line Officer’s commission as 

captain, commander or lieutenant-commander and the date when 

the Engineer Officer attained the same relative rank of captain, 

commander or lieutenant-commander are the same, the Engi- 

neer Officer shall take rank after such Line Officer. 

Src. 8. That Engineer Officers who completed their Naval 

Academy course of four years from 1878 to 1880, both inclusive, 

shall take rank in the Line as determined by the Academic 

Board under the Department’s instructions of December 1, 1897, 

and Engineer Officers who completed their Naval Academy 

course of four years in 1881 and 1882 shall take rank in the line 

as determined by the merit roll of graduating classes at the con- 

clusion of the six years’ course, June, 1883 and 1884: Provided, 

That those Engineer Officers who were appointed from civil life, 

and whose status is not fixed by Section 2 of this act, shall take 

rank with other Line Officers according to the dates of their 

first commissions, respectively: And provided, further, That the 

Engineer Officers who completed their Naval Academy \course of 

four years in 1881 and 1882 shall retain among themselves the 

same relative standing as shown on the Navy Register at the 

date of the passage of this act. 

Src. 4. That Engineer Officers transferred to the Line who are 

below the rank of commander, and extending down to, but not 

including, the first engineer who entered the Naval Academy as 

cadet midshipman, shall perform sea or shore duty, and such 

duty shall be such as performed by Engineers in the Navy: 

Provided, That any officer described in this section may, upon 

his own application, made within six months after the passage 

of this act, be assigned to the general duties of the Line. if he 
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pass the examination now provided by law as preliminary to 

promotion to the grade he then holds, failure to pass not to dis- 

place such officer from the list of officers for sea or shore duty 

such as is performed by Engineers in the Navy. 

Src. 5. That Engineer Officers transferred to the Line to per- 

form Engineer duty only who rank as, or above, commander, or 

who subsequently attain such rank, shall perform shore duty 

only. 

ae 6. That all Engineer Officers not provided for in Sections 

4 and 5 transferred to the Line shall perform the duties now per- 

formed by Line Officers of tae same grade: Provided, That after 
a period of two years subsequent to the passage of this act they 

shall be required to pass the examinations now provided by law 

as preliminary to promotion to the grade they then hold, and 

subject to existing law governing examinations for promotion. 

It will be observed that the transferred Engineer 

Officers are divided into three groups. The older 

men, who originally entered the service directly from 

civil life, all of whom are now above fifty years of age, 

and who naturally are beyond the time in life when a 

new profession can be undertaken with success, form 

the first section. These officers, numbering about 

twenty-five, are hereafter to be eligible only for engin- 

eering duty at Navy Yards and other shore stations. 

The middle group of seventy officers is composed 

almost entirely of graduates of the Naval Academy, 

and they are given the option of qualifying for the 

general duties of the new Line or of retaining engin- 

eering only. The third section, comprising the re- 

mainder of the corps, includes only those officers who 

were appointed as naval cadets and who, for three 

years in many cases and four years in some, pursued 

absolutely the same course at the Naval School as the 

younger Line Officers. All this group—alternation 

being the cardinal principle involved in amalgamation 

—are compelled to qualify in navigation, gunnery, 

etc., and are to be assigned to duty in the engine 

room and on deck alternately. If the bill is drawn 

on correct principles it is perfectly reasonable to re- 

quire the younger officers of the third group to qualify 

for the general duties, because otherwise it would be 

to admit that the whole idea of the bill is a false one. 

A close study of the intent of the provisions relating 

to amalgamation show that no violent changes are 

contemplated. The older Line Officers, who have had 

but a cursory course in engineering during their aca- 

demic training at Annapolis, will still perform deck 

duty; the older Engineers will continue to be assigned 

to duty in connection with the machinery. For a 

year or two even the duties of the younger men will 

be but little altered. Then, as time goes on, the 

younger officers of the present Line will be required to 

stand watch in the engine room and the younger offi- 

cers of the present Engineer Corps will have to 

familiarize themselves with the duties of Line Officers. 

In the meantime, in order that the naval officer of the 

future may be thoroughly qualified for his enlarged 

duties, it will be necessary to rearrange the course of 

instruction at the Naval Academy for all naval cadets, 

making it at least as good in engineering as that for- 

merly taught to the Engineer division, a full descrip- 

tion of which appeared in the last issue of this journal. 

While, under the new organization, it is quite cer- 

tain the unfortunate internal strife which has existed 

for years between former Engineer and Line Officers 

will be a thing of the past, the practical operation of 

the bill, so far as it affects the efficiency of the engin- 

eering department, will be watched with interest 
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both at home and abroad. Engineers in other navies, 

and especially in the British service, have long con- 

tended for a proper recognition and status of their 

corps, and the struggle is now going on with ever in- 

creasing bitterness. In the United Kingdom, how- 

ever, the solution suggested differs from that adopted 

by us, inasmuch as a separate corps of Engineer Offi- 

cers, with military rank and authority, is advocated; 

in addition, and for the purpose of maintaining full 

discipline in the mechanical department, it is consid- 

ered necessary to vest in the Chief Engineer the right 

to inflict minor punishment on the subordinate per- 

sonnel of the engine and fire rooms. 

Rear Admiral Melville, the present Engineer-in- 

Chief of the Navy, in a letter recently published, has 

this to say of the amalgamation features of the bill: 

The success of this radical experiment will depend entirely 

upon the officers in the Navy, and particularly upon those who 

were in the regular line before the amalgamation took place. 

If they—the younger ones particularly—will willingly and zeal- 

ously undertake the work that was previously done by the offi- 

cers of the Engineer Corps, I believe that this thing will work. 

Iz they do not, and if the tendency becomes wholly to absorb the 

younger Engineers into the Line and to fall back upon the newly 

created corps of Warranted Machinists for engineering duties, I 

think it will fail. In that event we shall be the unwilling wit- 

nesses of a repetition of history. For as soon as the Warrant 

Machinists discover that they are being relied upon as Engineers 

they will most surely advocate for the position that Engineers 

have in commercial life, in other navies, and, in fact, in all 

walks of life where mechanisms have influenced human in- 

dustries. 

The following sections fix the maximum numbers in 

the several grades of the new Line; abolish “relative” 

rank and the grade of Commodore on the active list; 

provide for a proper regulated flow of promotion in 

the Line; limit and reorganize the Corps of Construc- 

tors and confer certain privileges upon those officers 

with a creditable record who served during the Civil 

War after reaching the age of retirement: 

SEc. 7. That the active list of the Line of the Navy, as con- 

stituted by Section 1 of this act, shall be composed of 18 rear- 

admirals, 70 captains, 112 commanders, 170 lieutenant-command.- 

ers, 300 lieutenants, and not more than a total of 350 lieutenants 

(junior grade) and ensigns: Provided, That each rear-admiral 

embraced in the nine lower numbers of that grade shall receive 

the same pay and allowance as are now allowed a brigadier- 

general in the Army. Officers, after performing three years’ 

service in the grade of ensign, shall, after passing the examina- 

tions now required by law, be eligible to promotion to the grade 

-of lieutenant (junior grade): Provided, That when the office of 

chief of bureau is filled by an officer below the rank of rear- 

admiral, said officer shall, while holding said office, have the rank 

of rear-admiral and receive the same pay and allowance as are 

now allowed a brigadier-general in the Army: And provided fur- 

ther, That nothing contained in this section shall be construed to 

prevent the retirement of officers who now have the rank or 

relative rank of commodore with the rank and pay of that 

grade: And provided further, That all sections of the Revised 

Statutes which, in defining the rank of officers or positions in 

the Navy, contain the words ‘‘the relative rank of’’ are hereby 

amended so as to read ‘‘the rank of,’’ but officers whose rank is 

so defined shall not be entitled, in virtue of their rank to com- 

mand in the Line or in other Staff Corps. Neither shall this act 

be construed as changing the titles of officers in the Staff Corps 

of the Navy. No appointments shall be made of Civil Engineers 

in the Navy on the active list under Section 413 of the Revised 

Statutes in excess of the present number, twenty-one. 

SEc. 8. That Officers of the Line in the grades of captain, com- 

mander and lieutenant-commander may, by official application 

to the Secretary of the Navy, have their names placed on a list 

which shall be known as the list of ‘“‘Applicants for voluntary 
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retirement,’’ and when at the end of any fiscal year the average 

vacancies for the fiscal years subsequent to the passage of this 

act above the grade of commander have been less than thirteen, 

above the grade of lieutenant-commander less than twenty, 

above the grade of lieutenant less than twenty-nine, and above 

the grade of lieutenant (junior grade) less than forty, ‘the 

President may, in the order of the rank of the applicants, place 

a sufficient number on the retired list with the rank and three- 

fourths the sea pay of the next higher grade, as now existing, 

including the grade of commodore, to cause the aforesaid va- 

eancies for the fiscal year then being considered. 

SrEc. 9. That should it be found at the end of any fiscal year 

that the retirements pursuant to the provisions of law now in 

force, the voluntary retirements provided for in this act; and 

casualties are not sufficient to cause the average vacancies enu- 

merated in Section 8 of this act, the Secretary of the Navy shall, 

on or about the 1st day of June, convene a Board of five rear- 

admirals, and shall place at its disposal the service and medical 

records on file in the Navy Department of all the officers in the 

grades of captain, commander, lieutenant-commander and lieu- 

tenant. The Board shall then select, as soon as practicable after 

July 1, a sufficient number of officers from the before mentioned 

grades, as constituted on June 30 of that year, to cause the aver- 

age vacancies enumerated in Section 8 of this act. Each mem- 

ber of said Board shall swear, or affirm, that he will, without 

prejudice or partiality, and having in view solely the special fit- 

ness of officers and the efficiency of the naval service, perform 

the duties imposed upon him by this act. Its finding, which 

shall be in writing, signed by all the members, not less than 

four governing, shall be transmitted to the President, who shall 

thereupon, by order, make the transfers of such officers to the 

retired list as are selected by the Board: Provided, That not 

more than five captains, four commanders, four lieutenant-com- 

manders and two lieutenants are so retired in any one year. 

The promotions to fill the vacancies thus created shall date 

from the 30th day of June of the current year: And provided 

further, That any officer retired under the provisions of this sec- 

tion shall be retired with the rank and three-fourths the 

sea pay of the next higher grade, including the grade of commo- 

dore, which is retained on the retired list for this purpose. 

Src. 10. That of the naval constructors five shall have the 

rank of captain, five of commander, and all others that of lieu. 

tenant-commander or lieutenant. Assistant naval constructors 

shall have the the rank of lieutenant or lieutenant (junior 

grade). Asistant naval constructors shall be promoted to the 

grade of naval constructor after not less than eight or more 

than fourteen years’ service as assistant naval constructor: 

Provided, That the whole number of naval constructors and 

assistant naval constructors on the active list shall not exceed 

forty in all. 

SEc. 11. That any officer of the Navy, with a creditable record, 

who served during the Cival War, shall, when retired, be re- 

tired with the rank and three-fourths the sea pay of the next 

higher grade. 

Previous to the passage of the bill the active list of 

the Line and Engineer Corps, in all grades, was lim- 

ited by law to 726 and 196 officers respectively, or, in 

all 922. An increase to 1,020 is provided for in the 

new organization to meet the requirements of an in- 

creased matériel. Any future enlargement of the 

personnel, should it be necessary by reason of the 

seemingly sound policy of adding ships year by year 

to the Navy, can readily be adjusted by a percentage 

increase of the numbers established for each grade by 

the bill. This course is advocated by Rear Admiral 

Crowninshield, Chief of the Bureau of Navigation, in 

his annual report for 1898, who states that these num- 

bers received the very careful consideration of the 

Board, and were fixed according to the needs of the 

service at the time the bill was framed, in 1897. 

The clause granting actual instead of relative rank 

to Staff Officers will unquestionably remove a source 

of discontent which has been a serious menace to the 

efficiency of the Navy. While authority is expressly 

denied to command outside of the corps to which a 
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Staff Officer belongs, he is nevertheless empowered to — 

exercise military prerogatives, under certain circum- 

stances, in his own corps. This follows very closely 

the custom of the Army, which has always given en- 

tire satisfaction. 

In abolishing the grade of Commodore, except for 

retirement purposes, the universal custom of the rest 

of the world is followed in making the lowest flag 

rank that of Rear Admiral. 

Sections 8 and 9, which aim to cause an even flow of 

promotion during an officer’s active career, are of vital 

importance to the efficiency of the Navy. Heretofore 

this matter has been left entirely to chance, the 

United States being the only service worthy of the 

name in which such a faulty system prevailed. In 

consequence of this, there have been in the past peri- 

ods of congestion and stagnation, followed by rapid 

advancement, with a regular recurrence of these con- 

ditions. Foreign navies long ago recognized the evils 

of a system based purely on seniority promotion, and 

various expedients are in vogue to correct this defect. 

All, however, reach the same end by slightly different 

methods. 

Provision for the commissioning of Warrant Offi- 

cers is contained in the following section: 

SEc. 12. That boatswains, gunners, carpenters and sailmakers 

shall after ten years from date of warrant be commissioned 

chief boatswains, chief gunners, chief carpenters and chief sail- 

makers, to rank with but after ensign: Provided, That the chief 

boatswains, chief gunners, chief carpenters and chief sailmak- 

ers shall on promotion have the same pay and allowances as 

are now allowed a second lieutenant in the Marine Corps: Pro- 

vided, That the pay of boatswains, gunners, carpenters and 

sailmakers shall be the same as that now allowed by law: Pro- 

vided further, That nothing in this act shall give additioal 

rights to quarters on board ship or to command, and that im- 

mediately after the passage of this act boatswains, gunners, 

carpenters and sailmakers, who have served in the Navy as 

such for fifteen years, shall be commissioned in accordance with 

the provisions of this section, and thereafter no Warrant Officer 

shall be promoted until he shall have passed an examination 

before a Board of chief boatswains, chief gunners, chief carpen- 

ters and chief sailmakers, in accordance with regulations pre- 

scribed by the Secretary of the Navy. 

Warrant Officers are now invariably recruited from 

the enlisted force, being subjected to a rigid mental 

and physical examination previous to appointment. 

This provision allows advancement to the grade of en- 

sign, and is the only means by which an enlisted man 

can gain a commission. 

The bill makes a radical change in the compensa- 

tion allowed the sea-going corps: 

SEc. 18. That, after June 30, 1899, commissioned Officers of 

the Line of the Navy and of the Medical and Pay Corps shall 

receive the same pay and allowances, except forage, as are or 

may be provided by or in pursuance of law for the officers of 

corresponding rank in the Army: Provided, That such officers 

when on shore shall receive the allowances, but fifteen per cent 

less pay than when on sea duty; but this provision shall not 

apply to Warrant Officers commissioned under Section 12 of this 

act: Provided further, That when naval officers are detailed for 

shore Cuty beyond seas they shall receive the same pay and al- 

lowances as are or may be provided by or in pursuance of law 

for officers of the Army detailed for duty in similar places: Pro- 

vided further, That naval chaplains, who do not possess relative 

rank, shall have the rank of lieutenant in the Navy; and that 

all officers, including Warrant Officers, who have been or may 

be appointed to the Navy from civil life shall, on the date of 

appointment, be credited, for computing their pay, with five 

years’ service. And all provisions of law authorizing the distri- 

bution among captors of the whole or any portion of the pro- 
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ceeds of vessels, or any property hereafter captured, condemned 

as prize, or providing for the payment of bounty for the sinking 

or destruction of vessels of the enemy hereafter occurring in 

time of war, are hereby repealed: And provided further, That 

no provision of this act shall operate to reduce the present pay 

of any commissioned officer now in the Navy; and in any case 

in which the pay of such an officer would otherwise be reduced 

he shall continue to receive pay according to existing law: And 

provided further, That nothing in this act shall operate to in- 

crease or reduce the pay of any officer now on the retired Hist of 

the Navy. 

The present Pay Table of the Navy was framed in 

1871, and while, no doubt, it was fair and equitable 

for the conditions which then existed, so great has 

been the change in late years that it now presents 

many incongruities. It seems plain that the Table 

was not founded on any rational plan, as each of the 

different corps received pay on quite a different basis. 

As an easy solution of an intricate problem, the com- 

prehensive Army Pay Table is substituted, which 

takes into account not only the rank held by an officer, 

but in addition, the number of years of active service. 

In order to increase the efficiency of the skilled me- 

chanics and offer some reward for faithfulness and 

zeal,a new Warrant grade is created—that of Warrant 

Machinist. It is believed the inducement thus held 

out will cause the most capable of the mechanical 

force to remain in the service, which at present is not 

the case. The pay of Warrant Machinists is $1,200 

per annum at entry, increasing gradually, with length 

of service, up to $1,800, after twelve years from date 

of appointment. 

Src, 14. That upon the passage of this act the Secretary of 

the Navy shall appoint a Board for the examination of men for 

the position of Warrant Machinists, 100 of whom are hereby au- 

thorized. The said examination shall be open, first, to all: ma- 

chinists by trade, of good record in the naval service, and if a 

sufficient number of machinists from the Navy are not found 

duly qualified, then any machinist of good character, not above 

thirty years of age, in civil life shall be eligible for such ex- 

amination and appointment to fill the remaining vacancies. All 

subsequent vacancies in the list of Warrant Machinists shall be 

filled by competitive examination before a Board ordered by the 

Secretary of the Navy, and open to all machinists by trade who 

are in the Navy, and machinists of good character, not above 

thirty years of age, in civil life authorized by the Secretary of 

the Navy to appear before said Board, and, where candidates 

from civil life and from the naval service possess equal qualifi- 

cations, the preference shall be given to those from the naval 

service. 

Src. 15. That the pay of Warrant Machinists shall be the same 

as that of Warrant Officers, and they shall be retired under the 

provisions of existing law for Warrant Officers. Warrant Ma- 

chinists shall receive at first an acting appointment, which 

may be made permanent under regulations established by the 

Navy Department for other Warrant Officers. They shall take 

rank with other Warrant Officers according to date of appoint- 

ment and shall wear such uniform as may be prescribed by the 

Navy Department. 

The succeeding two sections provide for an enlist- 

ment period of four years and establish a retired list 

for deserving enlisted men: 

SrEc. 16. That hereafter the term of enlistment of all enlisted 

men of the Navy shall be four years: Provided, That Section 

1578, Revised Statutes, be amended to read: “If any enlisted 

man or apprentice, being honorably discharged, shall re-enlist 

for four years within four months thereafter, he shall, on pre- 

senting his honorable discharge or on accounting in a satisfac- 

tory manner for its loss, be entitled to pay during the said four 

months equal to that to which he would have been entitled if 

he had been employed in actual service; and that any man who 

has received an honorable discharge from his last term of en- 

listment, or who has received a recommendation for re-enlist- 
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ment upon the expiration of his last term of service of not less 

than three years, who re-enlists for a term of four years within 

four months from the date of his discharge, shall receive an 

increase of one dollar and thirty-six cents per month to the pay 

prescribed for the rating in which he serves for each consecu- 

tive re-enlistment.”’ 

Src. 17. That when an enlisted man or appointed petty office: 

has served as such thirty years in the United States Navy, 

either as an enlisted man or petty officer, or both, he shall, by 

making application to the President, be placed on the retired 

list hereby created, with the rank held by him at the date of 

retirement; and he shall thereafter receive 75 per centum of the 

pay and allowances of the rank or rating upon which he was re- 

tired: Provided, That if said enlisted man or appointed petty 

officer had active service in the Navy or in the Army or Marine 

Corps, either as volunteer or regular, during the Civil or Span- 

ish-American war, such war service shall be computed as dou- 

ble time in computing the thirty years necessary to entitle him 

to be retired: And provided further, That applicants for retire- 

ment under this section shall, unless physically disqualified for 

service, be at least fifty years of age. 

A radical reorganization of the Marine Corps is 

covered in the remaining sections of the bill. The en- 

listed strength of the corps is increased from 3,073 to 

6,000, with a corresponding increase in the officers: 

SEc. 18. That from and after the date of the appreval of this 

act the active list of the Line Officers of the United States Ma- 

rine Corps shall consist of one brigadier-general commandant, 

five colonels, five lieutenant colonels, ten majors, sixty captains, 

sixty first lietenants and sixty second lieutenants: Provided, 

That vacancies in all grades in the Line created by this section 

shall be filled as far as possible by promotion by seniority from 

the Line Officers on the active list of said corps: And provided 

further, That the commissions of officers now in the Marine 

Corps shall not be vacated by this act: And provided further, 

That vacancies in the grade of brigadier-general shall be filled 

by selection from officers on the active list of the Marine Corps 

not below the grade of field officer. 

Src. 19. That the vacancies existing in said corps after the 

promotions and appointments herein provided for shall be filled 

_by the President from time to time, whenever the actual needs 

' of the naval service require it, first from the graduates of the 

Naval Academy in the manner now provided by law; or second, 

frem those who are serving or who have served as second lieu. 

tenants in the Marine Corps during the war with Spain; or, 

third, from meritorious non-commissioned officers of the Marine 

Corps; or, fourth, from civil life: Provided, That after said 

vacancies are once filled there shall be no further appointments 

from civil life. 

SEc. 20. That no person except such officers or former grad- 

uates of the Naval Academy as have served in the war with 

Spain, as hereinbefore provided for, shall be appointed a com- 

missioned officer in the Marine Corps who is under twenty or 

over thirty years of age; and that no person shall be appointed 

a commissioned officer in said corps until he shall have passed 

such examination as may be prescribed by the President of the 

United States, except graduates of the Naval Academy, as above 

provided. That the officers of the Marine Corps above the 

grade of captain, except brigadier-general, shall, before being 

promoted, be subject to such physical, mental and moral ex- 

amination as is now, or may hereafter be, prescribed by law for 

other officers of the Marine Corps. 

SEc. 21. That upon the passage of this act not more than for- 

ty-five of the captains, forty-five first lieutenants and forty- 

five second lieutenants herein provided for shall be appointed: 

fifteen captains, fifteen first lieutenants and fifteen scond lieu- 

tenants to be appointed subsequently to January 1, 1900. 

SrEc. 22. That the staff of the Marine Corps shall consist of 

one adjutant and inspector, one quartermaster and one pay- 

master, each with the rank of colonel; one assistant adjutant 

and inspector, two assistant quartermasters and one assistant 

paymaster, each with the rank of major; and three asistant 

quartermasters, with the rank of captain. That the vacancies 

created by this act in the departments of the adjutant and in- 

spector and paymaster shall be filled first by promotion, accord- 

ing to seniority of the officers in each of these departments, re- 

spectively, and then by selection from the Line Officrs on the 

active list of the Marine Corps not below the grade of captain, 

’ and who shall have seen not less than ten years’ service in the 
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Marine Corps. That the vacancies created by this act in the 

quartermaster’s department of said corps shall be filled, first by 

promotion according to seniority of the officers in this De- 

partment, and then by selection from the Line Officers on the 

active list of said corps not below the grade of first lieutenant: 

Provided, That all vacancies hereafter occurring in the staff’ of 

the Marine Corps shall be filled first by promotion, according to 

seniority of the officers in their respective departments, and 

then by selection from Officers of the Line on the active list, 

as hereinbefore provided for. 

SEc. 23. That the enlisted force of the Marine Corps shall 

consist of 5 sergeant majors, 1 drum major, 20 quartermaster 

sergeants, 72 gunnery sergeants, with the rank and allowance 

of the first sergeant, and whose pay shall be thirty-five dollars 

per month; 60 first sergeants; 240 sergeants; 480 corporals; 80 

drummers; 80 trumpeters, and 4,962 privates. 

Src. 24. That the band of the United States Marine Corps 

shall consist of one leader, with the pay and allowances of a 

first lieutenant; one second leader, whose pay shall be seventy- 

five dollars per month, and who shall have the allowances of a 

sergeant major; thirty first-class musicians, whose pay shall ba 

sixty dollars per month; and thirty second-class musicians, 

whose pay shall be fifty dollars per month and the allowances 

of a sergeant; such musicians of the band to have no increased 

pay for length of service. 

Src. 25. That the oath of allegiance now provided for the offi- 

cers and men of the Army and Marine Corps shall be adminis- 

tered hereafter to the officers and men of the Navy. 

The bill concludes with the usual clause that all 

acts and parts of acts, in so far as they conflict with 

the provisions of the present act, are repealed. 

AMENDMENTS TO THE U.S. STEAMBOAT RULES 
AND REGULATIONS FOR 1899. 

At the recent meeting of the Board of Supervising , 

Inspectors, held in Washington, D. C., with Supervis- 

ing Inspector General James A. Dumont in the chair, 

amendments were made to the existing steamboat 

rules and regulations. Following is the text of the 

rules amended in part only, the parts stricken out 

being inclosed in brackets [thus], while the additions 

to such paragraphs are printed in italics. Entirely 

new sections and paragraphs of sections are set in 

plain type, preceded by the word (new) in paren- 

theses. 

RULES. 

Rue I, 

Section 4. (New paragraph at end of section.) 
The diameter of rivets, rivet holes, distance between 

centers of rivets and distance from centers of rivets 

to edge of lap for different thicknesses of plates for 

single and double riveting shall be determined by 

the rules of the British Board of Trade. This rule 

shall take effect on July 1, 1899. (See Appendix.) 

Rule II. 

SECTION 2. (Second paragraph. ) 

All boilers built for marine purposes [after July 1, 

1898,] shall be required to have [all] the rivet holes in 

the shell, heads, steam and mud drums, and all other 

parts of the boiler, (excepting for longitudinal and 

circumferential seams in flues for same 20 inches out- 

side diameter and under), fairly drilled instead of 

punched. [: and, the longitudinal laps of their cylin- 

drical parts double-riveted, to be entitled to 20 per 

cent additional pressure. ] 

Boilers, to be entitled to the 20 per cent additional 

pressure allowed by law, must have the longitudinal 

laps of their cylindrical parts double-riveted. 
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SECTION 14. (New, to precede first paragraph.) 

14. Corrugated furnace flues constructed with cor- 

rugations eight inches from center to center, the 

radius of outer corrugation being not more than one- 

half of the reverse or suspension curve, the plain parts 

at the ends not exceeding nine inches in length, made 

of plates not less than five-sixteenths of an inch thick, 

when new, corrugated with practically true circles, 

shall be allowed a steam pressure in accordance with 

the following formula: 

: 15000 
Pressure in pounds = Ty XT; 

where 7’ = thickness, in inches; 

D = mean diameter, in inches. 

EXAMPLE. 

Given a corrugated flue as above, 40 inches in di- 

ameter, ;°,; inch thick; required, the pressure of steam 

allowable. 

15000 5 
40. SK 13 = 117.18 pounds. 

(First paragraph, first line.) 

The strength of all corrugated flues, other than de- 

scribed in the preceding paragraph of this sec- 

(KO, &F 3 oS 

Srecrion 15. (First two paragraphs amended and 

transposed from page 30 to follow the examples on 

page 33, Rules and Regulations.) 

15. The steam pressure allowable and the thickness 

of material required for flues used as furnaces in 

vertical boilers, [and for vertical boiler] such furnace 

[s] flues having a diameter of not more than 42 inches 

and a [height] length of not more than 40 inches, ex- 

cept as hereafter otherwise provided, shall be deter- 

mined by the following formula, viz.: 

89600 x T? 

TGS 
where P = pressure of steam allowable, in pounds; 

T = thickness of flue, in decimals of an inch; 

L=length of flue, in feet [not to exceed 8 feet]; 

D = diameter of flue, in inches. 

P= 

EXAMPLE. 

(New, in lieu of old.) 

Given a vertical furnace flue 34 feet in length, 42 
inches in diameter, and .5 inch thick; required, the 

pressure allowable by the inspectors. 

Substituting the values in the formula, and per- 

forming the operation indicated, the pressure allow- 

able, 

1» _ 89600 X .25 
P 3h % 42. = 160 pounds. 

SEcTION 15. (Third paragraph.) 

[Provided, That when such] When plain horizontal 

flues are made in sections * * * the distance be- 

tween the flanges, or the distance between such angle- 

iron rings, shall be taken as the length of the flue in 

determining the pressure allowable, which pressure 

shall be determined in accordance with the following 

formula: 

89600 « T? 

STSCI? 
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where P — pressure of steam allowable, in pounds; 

T = thickness of flue, in decimals of an inch; 

L = length of section, in feet; 

D = diameter of flue, in inches. 

SECTION 15. (New, added to section.) 

Formula for crown bars over back connection and 

furnaces. 

2 5 

Working pressure = apo Ne ihe 

where W = width of combustion box, in inches; 

P=pitch of supporting bolts, in inches; 

D= distance between girders from center to 

center, in inches; 

L= length of girder, in feet; 

d= depth of girder, in inches; 

T = thickness of girder, in inches; 

C = 550 when the girder is fitted with one sup- 

porting bolt; 

C= 825 when the girder is fitted with two or 

three supporting bolts; 

C = 935 when the girder is fitted with four sup- 

porting bolts. 

EXAMPLE. 

Given W = 34 inches, P = 7.5 inches, D = 7.75 

inches, L = 2.927 feet, d = 7.5 inches, 7 = 2 inches, 

C = 825, then, substituting in formula, 

: 825 & 7.57 & 2 

Working pressure = (84— 7.5) X 7.75 X 2.927 — 

154.38 pounds. 

SECTION 21. (Second paragraph.) 

All manholes for the shell of boilers over 40 inches 

in diameter, where practicable for use, shall have an 

opening not less than 11 by 15 inches in the clear, 

except * * #* 

SECTION 38. (Second paragraph, page 41.) 

The terminal and intermediate joints of all wrought- 

iron and homogeneous steel feed and steam pipes over 

[2] 3 inches in diameter [and not over 5 inches in 

diameter], other than on pipe or coil boilers or steam 

generators, shall be made of wrought iron, homogene- 

ous steel or [malleable iron] flanges [or] of equivalent 

Material eee 

Section 38. (Third paragraph, page 41.) 

But where such pipes are made of extra heavy lap- 

welded steam pipe, up to and including 5 inches, the 

flanges may be attached with screw threads; and all 

joints in bends may be made with good and substan- 

tial malleable-iron elbows or equivalent material. 

SEcTION 38. (Last paragraph, page 41.) 

All lap-welded iron or steel steam pipes over 5 inches 

in diameter or riveted wrought-iron or steel steam 

pipes over 5 inches in diameter, in addition to being 

expanded into tapered holes, and substantially beaded 

into recess in face of flanges [as provided in preceding 

paragraph for steam and feed pipes exceeding 2 inches 

and not exceeding 5 inches in diameter], shall be sub- 

stantially and firmly riveted with good and substan- 

tial rivets through the hubs of such flanges; and no 

such hubs shall project from such flanges less than 2 

inches in any case. 
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SEcTION 38. (Second paragraph, page 42.) 

When holes exceeding 6 inches in d'ameter are cut 

in boilers for pipe connections, man.and hand hole 

plates, such holes shall be reinforced, either on the 

inside or outside of boiler, with reinforcing plates, 

which shall be securely riveted to the boiler, in flat 

surfaces ; and, where such opening is made in the cir- 

cumferential plates of such boilers, the reinforcing 

ring shall have a sectional area of at least one-half 

the area of material there would be in a line drawn 

across such opening parallel with the longitudinal 

seams of such portion of the boiler; * * * 

SEcTION 40. (New.) 

40. No cast-iron nozzles, branch pipes, or elbows 

shall be used in connecting steam drums, superheat- 

ers, branch pipes, or steam pipes to boilers, and no 

cast-iron flanges will be allowed to be used on boilers 

for marine purposes unless such cast iron has been 

officially tested and test on record.in the office of the 

local inspectors where boiler with such appliances was 

constructed, and no cast iron with a tensile strength 

of less than 30,000 pounds will be permitted to be 

used for such purposes. 

Rule V. 

SECTION 1. (First paragraph, proviso struck out.) 

[Provided, however, That the applicant for renewal 

is at the time personally within the jurisdiction of the 

United States inspection laws, as defined in sections 

4400 and 4447 of the Revised Statutes. ] 

(New paragraph inserted after 15th line.) 

All licenses hereafter issued to masters, mates, 

pilots, and engineers shall be filled out on the face 

with pen and black ink instead of typewritten. 

(Transposed from section 10, and added to fourth 

paragraph.) 

[Provided, however,] ; and, before granting or re- 

newing a license to pilots, masters, or engineers, in- 

spectors shall satisfy themselves that they can prop- 

erly hear the bell and whistle signals. 

SECTION 7. 

7. Second-class pilots may be allowed to take charge 

of steamers not exceeding 100 tons burden, may be 

authorized by the license granted to act in charge of 

a watch as assistant to a first-class pilot on passenger, 

freight, and towing steamers of all tonnage. 

(Paragraph transposed from section 11, Rule V.) 

On the Northwestern Lakes and connecting waters, 

any person holding a second-class pilot license may 

come before any local board for examination for first- 

class pilot license after having served one year as 

wheelsman, watchman, or as assistant to a first-class 

pilot on freight, towing, or passenger steamers, such 

service to have been within two years preceding the 

application for raise of grade. 

SEcTIon 10. (First paragraph, new.) 

10. No original license as master or mate of ocean 

or coastwise steamers, pilot of steam vessels, or as 

master or chief mate of sail vessels shall be granted, 

except on the official certificate of a surgeon of the 

Marine Hospital Service that the applicant is free 

from the defect known as color blindness. No re- 

newal of license shall be granted to any officer of the 

classes named who has not been previously examined 

and passed for color blindness. 
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Section 10. (Second paragraph, amendment of old 

third paragraph.) 

[In case of original or renewal of any license of any 

master or pilot who has not been examined] Any per- 

son requring examination for color blindness, [and] 

who is living at a distance of 100 miles or more from 

a surgeon of the Marine Hospital Service, [he] may 

be examined for color blindness by any respectable 

physician residing in the same town or locality with 

said applicant; * * * 

(Old second paragraph transposed to third, and 

fourth paragraph amended as indicated in section 1, 

Rule V, herein, by transposition of proviso.) 

Section 14. (Fourth paragraph, as follows, struck out. 

See section 10, Rule V, herein.) 

[And that hereafter no original master or chief 

mate of ocean or coastwise steamers shall be granted 

a license without first having been examined and 

passed for color blindness. ] 

SECTION 15. 

15. * * * And it shall be the duty of such mas: 

ter, or of the mate or officer next in command, once at 

least in each week, to call all hands to quarters and 

exercise them in the discipline, and in the unlashing 

and swinging out of the lifeboats, weather permit- 

ting, and in the use of the fire pumps and all other 

apparatus for the safety of life on board of such ves- 
sel, * * #* 

SECTION 26. (New.) 

Local inspectors may, upon due application, license 

as masters and chief mates of sail vessels of over 700 

tons, upon receipt of satisfactory documentary evi- 

dence, to be filed in their office, that said masters or 

mates have been actually employed as such officers on 

vessels of the tonnage named, for the full period of 

twelve months preceding the application for license, 

provided such officers shall be found upon examina- 

tion to be free from color blindness. 

Applicants for master’s or mate’s license on sail ves- 

sels, who have had no previous service as either mas- 

ter or mate, except on rivers and on the Great Lakes, 

must be duly examined in navigation the same as re- 

quired for masters and mates of steam vessels, such 

examinations to be in writing; and the applicants 

must be free from color blindness: 

Provided, That no master, except as provided in the 

first paragraph of this section, shall be licensed who 

has not served a full term of one year on such sail ves- 

sels as chief mate, nor shall any person be eligible to 

be examined as chief mate of sail vessel, unless he 

can furnish satisfactory documentary evidence that 

he had at least three full years’ experience on sail ves- 

sels of three hundred gross tons and upward. 

Rule IX. 

SEcTIon 8. (Third paragraph.) 

All steam whistles shall be placed not less than 6 

feet above the top of the pilot house of steam vessels 

where the height of smokestack will admit the attach- 

ment of same below its top, when not hinged for pass- 

ing under bridges, except wpon steamers navigating 

the Red River of the North and rivers whose waters 

flow into the Gulf of Mexico, and steamers of less than 
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one hundred gross tons, whose steam whistles shall 

be placed not less than two feet above the tops of 

their pilot houses; and it shall be the duty of inspec- 

tors to enforce this rule at the annual inspection. 

Rule X. 

SECTION 8. (Repealed.) 

[8. All steam vessels (except upon the Red River of 

the North and rivers whose waters flow into the Gulf 
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of Mexico). when engaged in towing during fog or 

thick weather, shall sound three distinct blasts of 

their steam whistles in quick succession, repeating at 

intervals not exceeding one minute. ] 

Rules of Practice. 

SECTION 6. 

At any time before the conclusion of the evidence 

the charge or charges, if being tried on charges, may 

be amended, notice of said amendment being fur- 

nished to the accused of the nature of such amend- 

ment, but no amendment shall be permitted after the 

conclusion of the evidence. 

Pilot Rules, Atlantic and Pacific Coast Inland 

Waters. 

Rute III [(Act of June 7, 1897)]. If, when steam 

vessels are approaching each other, either vessel fails 

to understand the course or intention of the other, 

from any cause, the vessel so in doubt shall imme- 

diately signify the same by giving several short and 

Fapid blasts, not less than four, of the steam whistle; 
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and, if the vessels shall have approached within half - 

a mile of each other, both shall be immediately slowed 

to a speed barely sufficient for steerageway until the 

proper signals are given, answered and understood, 

or until the vessels shall have passed each other. 

Vessels approaching each other from opposite direc- 

tions are forbidden to use what has become techni- 

cally known among pilots as “cross signals’—that is, 

answering one whistle with two, and answering two 

whistles with one. In all cases, and under all cir- 

cumstances, a pilot receiving either of the whistle sig- 

nals provided in the rules, which for any reason he 

deems injudicious to comply with, instead of answer- 

JRON PLATES AND IRON RIVETS. 

DOUBLE-RIVETED LAP JOINTS. 

ZIGZAG RIVETING. CHAIN RIVETING. 

YY 

Ca) SY ay), 

af S § 

Wl 
SS 

Distance between rows 

ae Diam Eiteh of zivets wD CHEE 
of plates. | of rivets. rivets. edge o - 7 

Z plates, | Paise, | sivoting 
T d Pp Es Vv V 

ts £ 2. 272 . 937 1.145 1.750 

4} Bh 2. 386 . 984 1. 202 1.812 

3 H 2. 500 1.031 1. 260 1. 875 

44 Be 2. 613 1. 078 1.317 1. 937 

ts } 2.727 1.125 1. 374 2. 000 

8 xB 2. 826 1.171 1. 426 2. 062 

+ 4h 2. 886 1. 218 1. 465 2, 125 

43 a4 2. 948 1. 265 1. 504 2.187 

ty t 3.013 1. 312 1. 544 2. 250 

4g 33 3. 079 1. 359 1. 585 2. 312 

§ HR 3, 146 1. 406 1. 626 2. 375 

Hh H 3. 215 1. 453 1. 667 2. 437 

H 1 3. 284 1. 500 1. 709 2.500 

23 1dy 3. 355 1. 546 1.751 2. 562 
Pa 1p; 3. 426 1.593 1. 794 2. 625 

38 13 3. 498 1. 640 1. 836 2. 687 
4y 1} 3.571 1.687 1. 879 2.750 

a 14 3. 645 1. 734 1. 923 2. 812 

4 14; 3.718 1.781 1. 966 2. 875 

$2 17 3. 793 1. 828 2.009 2. 937 

15 ree 3. 867 1.875 2. 053 3.000 
a 135 3. 942 1.921 2.096 3. 062 

1 15; 4.018 1. 968 2.140 3.125 

ing it with a cross signal, must at once observe the 

provisions of this rule. 

Lights for Boom Rafts. 

(Amendment to resolution of Board of Supervising 

Inspectors, contained in Pilot Rules for Western 

Rivers, page 10, Form 210344; and page 15, Form 

2102%.) 

Resolved, * * * Boom rafts with cross bind- 

ers towed ahead of steamers on the Mississippi and 

Ohio Rivers, and other waters flowing into the Gulf of 

Mexico, and on the Red River of the North, shall 

carry a white light [twelve] four feet high at the for- 

ward end of the raft, and one such light at each side 

midway between the forward and after end..* * * 

APPENDIX. 

The following formulas, equivalent to those of the 
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British Board of Trade, are given for the determina- 

tion of the pitch, distance between rows of rivets, 

diagonal pitch, maximum pitch, and distance from 

centers of rivets to edge of lap of single and double 

riveted lap joints, for both iron and steel boilers: 

Let p = greatest pitch of rivets, in inches; 

n =number of rivets, in one pitch; 

pa= Giagonal pitch, in inches; 

d = diameter of rivets, in inches; 

T = thickness of plate, in inches; 

V = distance between rows of rivets, in inches; 

# = distance from edge of plate to center of rivet, 

in inches. 

TO DETERMINE THE PITCH. 

Iron plates and iron rivets: 

Wx .7854 K n 
Pp — ir T = a d. 

STEEL PLATES AND STEEL RIVETS. 

SINGLE-RIVETED LAP JOINTS. 

Thickness of 
_ plates. 

Diameter of 
rivets. 

Pitch of 
Fivets. 

+ 4 1. 562 1.031 
oy a3 1. 633 1.078 
te 3 1. 704 1.125 
Y a 1.775 1.171 
2 2 1. 846 1. 218 
43 3 1.917 1. 265 
+h t 1. 988 1.312 
48 a8 2. 036 1.359 
3 4 2.071 1. 406 
y $3 2. 108 1. 453 
a 1 2.146 1.500 
a lds 2. 186 1. 546 
3 ys 25227, 1.593 
ay 13 2. 269 1. 640 
uw it 2.312 1. 687 
33 ey 2. 356 1.734 
3 is 2. 400 1. 781 
35 Typ 2. 445 1. 828 
14 ab 2. 500 1. 875 
ay 1285 2. 562 1.921 
q 14; 2. 625 1. 968 
38 143 2. 687 2.08 
4g 12 2.750 2. 062 

Example: First, for single-riveted joint— 

Given, thickness of plate (7’) = 1% inch, diameter 

of rivet (d) = % inch. In this case, nm = 1. Required, 

the pitch. - 

Substituting in formula, and performing operation 

indicated, 

%)? X< .7854 «1 
Pitch — 2% r zs | {= 2.077 inches. 

For double-riveted joint— 

Given, t=4 inch, and d—1% inch. | In this case, 
a=2. Then— 
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13)2 7 
Pitch — {%)" X .7854 x 2 13 — 2.886 inches. 

4 

For steel plates and steel rivets: 

23 x wx Nn 
) -—*- a 1. 

f msc mr 
Example, for single-riveted joint: Given, thickness 

of plate = 4 inch, diameter of rivet — 13 inch. In 
this case, n = 1. 

Pitch — 23 X Gé)? X .7854 & 1 in 

28 <4 
Example, for double-riveted joint: Given, thickness 

of plate = 14 inch, diameter of rivet = % inch. n = 2. 

Then— 5 

412 — 2.071 inches. 

Pitch — 23 X (6)" X .7854 X 2 + § = 2.85 inches. 
28 x4 

FOR DISTANCE FROM CENTER OF RIVET TO EDGE OF LAP. 

Pa BX 
2 

Example: Given, diameter of rivet (d) = % inch; 

required, the distance from center of rivet to edge of 

plate. 

STEEL PLATES AND STEEL RIVETS. 

DOUBLE-RIVETED LAP JOINTS. 

ZIGZAG RIVETING. CHAIN RIVETING, 

¥ 

JG) ES SS SS 

§ S  § 

WWMM 
SS 

Cantenc? Distan sebekween rows 

Garo || eee || BERS | SP |S = 
cele plates, || zee) |) cha 

T d p E V Vv 

ts H. 2.291 1,031 1.187 1.875 
ce 38 2.395 1.078 1.240 1.937 
Fy Fa 2.500 1.125 1.295 2.000 
4 HG 2.604 1.171 1.349 2.062 
At. 4g 2.708 1.218 1.403 2.125 
db 24 2.803 1.265 1.453 2.187 
4 £ 2.850 1.312 1.487 2.250 
iy 28 2.900 1.359 1.522 2,312 
ae + 2.953 1.406 1.558 2.375 
TR $4 3.008 1.453 1.595 2.437 
g 1 3.064 1.500 1.631 2.500 
34 1dy 3.122 1.546 1.669 21562 | 
Ht 1s 3.181 1.593 1.707 2.625 
ay Les 3.241 1.640 1.745 2.687 
FY ly 3.302 1.687 1.784 2.750 
rT 1, 3.364 1.734 1.823 2.812 
1t 1 3.427 1.781 1.863 2.875 
34 Lgl 3.490 1.828 1.902 2.937 
4 1} 3.554 1.875 1.942 3.000 
$8 1,’ 3.618 1.921 1.981 3.062 
4h 145; 3.683 1,968 2.021 3.125 

| 44 it 3.748 2.015 2.061 3.187 
1 18 3.814 2.062 2.102 3.250 | 

aia = 1.312 inches, 

for single or double riveted lap joint. 

FOR DISTANCE BETWEEN ROWS OF RIVETS. 

The distance between lines of centers of rows of 

rivets for double, chain-riveted joints (V) should not 
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be less than twice the diameter of rivet, but it is more 

4di1 
2) a 

Example under latter formula: Given, diameter of 

rivet = % inch, then— 

Y= (4 > 5 nile 2.25 inches. 

For ordinary, double, zigzag-riveted joints, 

ya V dlp +) (+ 
10 i 

Example: Given, pitch = 2.85 inches, and diameter 

of rivet = % inch, then— 

ya V1 X 2.85 + 4 X §) (2.85 + 4x z) 

10 

DIAGONAL PITCH. 

For double, zigzag-riveted lap joint. 

__ 6p + 4d 
Be ac 10 

Example: Given, pitch = 2.85 inches, and d = % 

inch, then— 

(6 & 2.85) + (4 x 8) a 

Bal ee “10 
MAXIMUM PITCHES FOR RIVETED LAP JOINTS. 

desirable that V should not be less than 

— 1.487 inches. 

Iron and steel. 

2.06 inches. 

For single-riveted lap joints, maximum pitch = 

(1.31 x T) + 1%. 

For double-riveted lap joints, maximum pitch = 

(2.62 x T) +156." 

Example: Given a thickness of plate = 1% inch, re- 

quired, the maximum pitch allowable. 

For single-riveted lap joint, maximum pitch = (1.31 

x %) +154 = 2.28 inches. 

For double-riveted lap joint,maximum pitch — (2.62 
x 1%) + 156 = 2.955 inches. 

The tables (pages 30 and 31) taken from the hand- 

book of Thomas W. Traill, entitled “Boilers, Marine 

and Land, Their Construction and Strength,’ may be 

taken for use in single and double riveted joints as 

approximating the formulas of the British Board of 

Trade for such joints. 

British steel makers and shipbuilders must feel 

dissatisfied with the new naval shipbuilding pro- 

gramme of the Admiralty. This contemplates the 

addition of only two battleships, two armored cruisers 

and three unarmored cruisers, at a total cost of about 

ten million dollars. 

The thirty-ninth meeting of the American Society 

of Mechanical Engineers will be held in Washington, 

D. C., commencing May 9. Besides an extensive and 

interesting professional programme, Secretary F. R. 

Hutton has provided for the recreation and instruc- 

tion of members a series of visits and inspections of 

famous places in the vicinity. Additional interest is 

lent to this visit from the fact that Rear-Admiral 

George W. Melville, Engineer-in-Chief of the Navy, is 

the president of the Society. Among the items on 

the programme is a reception by President McKinley 

in the Executive Mansion on the afternoon of May 

10. Special arrangements have been made with 

many of the railroads for a reduced fare for the meet- 

ing. The headquarters of the Society during the 

meeting will be at the Arlington, Vermont avenue 

and H street N. W., and here a special rate for mem- 

bers of the Society has been secured. 
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VIBRATIONS OF STEAMSHIPS AND METHODS 
OF BALANCING MARINE ENGINES—IV. 

BY C. H. PEABODY, B.Sc, 
\— 

Thus far in the discussion of balancing engines but 

little attention has been given to the irregularity due 

to the connecting-rod, although attention has been 

called to the fact that a greater accelerating force is 

required to start the piston of a vertical marine en- 

gine, down from the top of the cylinder, than is required 

at the lower end. The irregularity becomes more 

marked as the ratio of the length of the connecting- 

rod to the crank diminishes. Thus, with a connect- 

ing-rod seven times as long as the crank the accelerat- 

ing force at the lower end is three-fourths as much as 

that at the upper end, while with a connecting-rod 

four times as long as the crank, the lower force is 

only six-tenths of that at the upper end. From this 

it appears that the methods of balancing proposed by 

Yarrow and Schlick are really only ways of ameli- 

orating the ill effects felt with unbalanced engines. 

To show that this is no imaginary evil we may relate 

an experience with a set of Willans engines at an elec- 

trie lighting station. The Willans engine is a single 

acting triple engine, with three pistons on one piston 

rod. The weight of the reciprocating parts is con- 

sequently relatively large, while the connecting-rod is 

short. These engines are usually arranged in pairs 

on the same bed, with the cranks opposite, in order to 

get the same effect as from an ordinary double acting 

engine. Mr. Robinson and Captain Sankey report 

that serious trouble was found at the station men- 

tioned when ten such engines, each indicating 200 

horse power at 350 revolutions per minute, were 

mounted on a large slab of concrete, which was 88 ft. 

long and 24 ft. wide. In the engine room there were 

no perceptible vibrations, but very unpleasant vibra- 

tions were experienced in houses that were 100 ft. dis- 

tant. The cranks of each of the engines were only 27 

in. apart, consequently it did not appear that the 

vibrations could be due to rocking couples, that is, to 

the lack of running balance. A calculation of the ac- 

celerating forces at the ends of the stroke of the pis: 

ton of one engine showed that there was a force of 

3.54 tons required to start the piston which was at the 

top of its cylinder, while only 2.31 tons were de- 

manded by the piston at the lower end of the stroke. 

Consequently there was a net upward pull on the 

block of concrete equal to 1.23 tons, tending to lift the 

concrete when the pistons were at the ends of their 

strokes.. A further calculation developed the fact 

that when the cranks were at 90° with the line of 

dead points, there was a downward thrust of 1.27 tons 

on the concrete. With ten engines running at about 

the same speed it frequently happened that several 

engines synchronized, and then the pull and push on 

the concrete set it into oscillations, for it was on a 

spongy foundation, and the semi-fluid nature of the 

foundation gave a sort of hydraulic transportation of 

the oscillations of the concrete slab to the founda- 

tions of the houses in the neighborhood. 

Again, in both Yarrow’s and Schlick’s methods of 

balancing engines it is considered that the side throw 

of the bob-weight connecting-rods will take care of 

the unbalanced components of the connecting-rods for 
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the several pistons. Here again we have an approxi- 

mate standing balance, but not a running balance, and 

the side throw of the connecting-rods is likely to set 

up transverse rocking couples. In this statement it 

is to be borne in mind that Schlick’s method treats 

some of the pistons as bob-weights for the others. 

This is, however, more a matter of scientific interest 

than of practical importance, since the rocking cou- 

ples can never have an important influence. 

Fig. 17 exhibits a very complete balancing of a sin- 

gle cylinder engine by the use of bob-weights on the 

opposite side of the crank shaft. Both the piston and 

the bob-weights are shown at the crank end of the 

stroke, near the crank shaft. It is evident that both 

150 

L 
300 

camel) 

150 

Marine Engineering 
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will be at the head-end or the remote end of the stroke 

at the same instant, and finally that the displacements 

from one end of the stroke will be exactly equal for 

all positions. Consequently the center of gravity of 

the system of piston and bob-weights will remain 

fixed in position, and there will be no unbalanced 

longitudinal accelerating forces. The longitudinal 

accelerating forces acting on the connecting-rods 

will also be completely balanced, but there will 

be unbalanced transverse accelerating forces due 

to the slatting of the connecting-rods: If Fig. 17 rep- 

resents the plan view of a horizontal engine with bob- 

weights, the unbalanced transverse forces acting on 

the connecting-rods will tend to rock the engine bed, 

throwing it up at one end and down at the other. Of 

course a three-cylinder engine, simple, compound or 

triple, can be arranged on this system. A compound 

engine would naturally have one high-pressure cylin- 

der on one side and two low-pressure cylinders on the 

other. The reciprocating parts for the high-pressure 

cylinders would then need to be loaded so as to weigh 

twice as much as those for one of the low-pressure 

cylinders. A triple engine might have the high-pres- 

sure and intermediate cylinders on one side and the 

low-pressure cylinder on the other. The distance of 

the high-pressure and intermediate cylinders from 

the line of the low-pressure cylinder should be made 

inversely proportional to the weights of their recipro- 

cating parts. The reciprocating parts for the low- 

pressure cylinder should, of course, be loaded so as to 

weigh as much as the reciprocating parts of both the 

other cylinders. This method of balancing, though 

very complete, will seldom if ever be used in practice, 

since everything is sacrificed to the obtaining of one 

result. The turning effort of the engine is very un- 

steady, no better than that of a single cylinder en- 
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gine; the general arrangement is poor, requiring a 

large extent of piping to lead steam from one cylin- 

der to another; and the weight of the engine bed and 

of the reciprocating parts will be large. In fact, the 

arrangement is most interesting as showing that the 

complete development of one idea may destroy the 

symmetry and usefulness of a design. 

The Willans Engine Company has made engines 

with six cranks and as many sets of cylinders, three 

in a set, which have been found to run very steadily. 

Each set of these cylinders forms a single acting tan- 

dem engine, consequently the arrangement with six 

cranks requires in all eighteen cylinders. The three 

cranks at one end of the shaft are set at 120°, conse- 

quently that half of the engine by itself would be very 

nearly in standing balance, more nearly so than the 

ordinary three-cylinder triple engine with three 

cranks. The other half of the engine also has three 

cranks set at 120°, and the two halves are joined to- 

gether so that the cranks come in reverse order, and 

thus do away with rocking couples. An engine of 

this sort has been supplied to the Heilman electric 

locomotive, and drives the electric generator. The 

driver axles are turned by electric motors, thus in- 

volving a double transformation of energy. The lead- 

ing idea in this locomotive is to avoid the various 

rolling, pitching and slewing motions of the ordinary 

steam locomotive, which may be dangerous at very 

high speeds. It is therefore very important that the 

engine which drives the electric generator shall not 

set up vibrations of the locomotive frame on its 

springs. . 

Should the application of gas engines to marine 

propulsion be developed so that they are used on large 

ships, then the idea just mentioned of so arranging a 

six crank engine as to avoid setting up vibrations 

may be of importance to marine engineers. 

The U. S. Standard Register of Shipping for 1899- 

1900 has been received. This is the official publica- 

tion of the United States Steamship Owners’, Build- 

ers’ and Underwriters’ Association, Ltd., and is famil- 

iarly known as the Red Book. It is a very complete 

record of the scope and work of the society. It opens 

by a tariff of the classification fees. The rules for 

the construction and classification of steel and com- 

posite vessels are very completely set out and are 

extensively illustrated by well printed plates. Wooden 

vessels intended for service on the Great Lakes are 

also represented by various plans and sections. The 

list of vessels in the Register covers about 100 pages, 

and is followed by many pages in blank, alphabetically 

arranged, in which the additions made during the 

year can be inserted. There are many subsidiary 

matters in the book, such as the rules for the use of 

electric light on shipboard, ete. Altogether the vol- 

ume is very complete and exceedingly useful for refer- 

ence. The annual subscription is $10.00, and this may 

be forwarded to the office of the Association, in the 

Post Building, 16 and 18 Exchange place, New York, 

or to the surveyors who are stationed at New York, 

Newport, R. I., Baltimore, Boston, Victoria, B. C., Buf- 

falo, N. Y., Chicago and at Liverpool, England. 
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Motor Boat for Sea Service. 

There are many persons who like to make short 

eruises along our coasts who do not want the expense 

or bother of a steam launch or small yacht, and who 

at the same time are not impressed with the uncer- 

tainties of sail power. For such, a cruising launch 

of the type here illustrated is a very satisfactory 

vessel. This particular boat was designed by. W. B. 

Stearns, of Marblehead, Mass., for C. Colburn Clem- 

ent, of Haverhill, Mass. She might be termed a 

gea-going motor boat, as she was designed for the 

purpose of taking her owner on short cruises on the 

exposed coasts of Maine and Massachusetts. 

be MARINE ENGINEERING. 37 
of 7-horse power, which would ordinarily be used in a 

boat of such excessive displacement... The improve- 

ment in form over the ordinary stock launch hull, 

however, justified the experiment, for the boat showed 

as much speed as could be reasonably expected of a 

craft of her length. Under favorable conditions she 

has maintained a rate of speed within a fraction of 

eight knots, and performed excellently in a seaway, 

being dry, easy in rolling, and absolutely non-cap- 

sizable. In a general way the plans here published 

show the accommodations. The large locker on the 

starboard side is fitted very ingeniously and com- 

pletely as a galley, with all the implements necessary 

for cooking for two persons. The folding lavatory in 

CRUISING LAUNCH FOR SEA SERVICE, FITTED WITH ALCO-VAPOR MOTOR. 

In this case the owner appreciated the need of some 

more scientific treatment than that which frequently 

results in the production of a motor boat, for which 

“any old model” is usually considered good enough. 

There were certain requirements to be met: the cost 

was to be kept within reasonable limits, there were 

to be many conveniences, which one might usually 

expect only in a large vessel, and the boat was to be 

strong, comfortable and absolutely seaworthy. The 

dimensions agreed upon were: Length, 26 ft.; beam, 

6 ft. 9 in., and depth, 4 ft. 5 in., with closed cabin 5 ft. 

in the clear. To keep down the item of cost it was 

considered best to use a 5-horse power motor instead 

the toilet compartment, within reach of the galley, is 

connected by a pump with the fresh water tank, 

draining directly outboard. This, however, while 

adding to the convenience of the cook, does not con- 

duce to economy of water. The two sofas in the cabin 

are fitted to extend so as to make comfortable beds, 

and numerous lockers are provided for bedding, 

clothes, etc. The ice box is placed under the seat in 

the cockpit. 

This boat was built by John Stewart, of Wollaston, 

and the machinery, consisting of an Alco-vapor motor 

and propeller, etc., was supplied by the Marine Vapor 

Engine Co., of Jersey City, N. J. 
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IMPROVED APPARATUS. 

Benton Projector Case. 

Our illustration shows a new type of projector 

search light case made by Thomas P. Benton & Son; 

of La Crosse, Wis. The case is made of heavy gal- 

vanized steel reinforced at 

proper points by angle iron 

tremely rigid. The hinges 

and fastenings on both doors 

are brass and of large size. 

The pedestal is arranged to 

bolt to the deck or platform 

which supports the light, and 

is shaped so as to be rigid 

and shed water and also pre- 

vent leaking through. The 

tubes on which are fastened 

the controlling wheels pass 

down through the pedestal. 

(The wheels can be placed 

between the two pedestal 

sides if occasion requires.) 

They can be placed close up to the deck and are con- 

nected to the handling device in the pilot house by 

small wire ropes. The wheels can be boxed in and the 

ropes pass through mouldings, making a neat job. 

When it is desired to place the light directly over the 

operator, as on the top of the pilot house, the regular 

handling wheels are fitted on in place of the rope 

sheaves. In the pilot house there is placed a device 

with two drums, around which passes the cables from 

the rope sheaves. When both drums turn together 

the light is swung maintaining the angle of deflection 

to which it is set. A device is provided to change the 

relation of these drums, which changes the angle of 

deflection to the one desired. The cut shows a case 

made with 20 deg. range of deflection both ways from 

a horizontal line. This would make the center of the 

ray of light strike the water 55 ft. from the lamp, 

the projector being 20 ft. above the water. : 

Combination Flue Brush and Scraper. 

This is a new combination of flue brush and scraper 

manufactured by the St. Louis Steel Wire Brush Co., 

620 North Main street, St. Louis, Mo. The scraper 

cuts the scale off the tubes, which is then pushed out 

of the tube by means of the steel brush shown, the 

tube being cleaned in one operation. The scrapers 

are made of malleable iron and carried on four steel 

arms and fastened in the center. They are expanded 

or contracted by turning the rod to the right or left, 

thereby moving the slide up or down on the threaded 

rod in the center. The brush is made of fine tem- 

pered steel wire, the wires passing entirely through 

the holes in the iron center and being fastened on the 

inside, making it impossible for them to come out or 

lay over, the whole construction being of the best, 

and designed for hard and rough usage. 

Gas Engine Ruhmkorff Coil. 

The Varley Duplex Magnet Company, 138 Seventh 

street, Jersey City, N. J., has brought out a new in- 

hoops which make it ex- 
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duction coil for use in igniting the charge in marine 

gas and gasoline engines, an illustration of which is 

presented herewith. These coils are built to give a 

spark 1 to 1 1-2 in. long, with a primary pressure of 

4 to 6 volts. It is stated that with the discharge 

points 3-32 in. apart the flame is very intense, and 

the ignition is positive beyond any chance. The 

make-and-break device in the primary of the coil is 

located outside the cylinder so as to be easy of access. 

The manufacturers state that the price of the coil is 

such as to justify its use for ignition purposes by 

engine builders who have used other methods because 
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of low first cost. They further claim that these coils 

possess points of superiority over those of foreign 

make heretofore used. 

Automatic Check and Stop Valve. 

The accompanying engraving shows an automatic 

check and stop valve designed and manufactured by 

F. Hennebohle, of Chicago. This form of non-return 

valve is made extra heavy for high boiler pressure. It 

is guaranteed in operation to automatically close when 

the pressure in the boiler falls nalf a pound below the 

pressure in the main, and yet not be affected by the 

ordinary pulsations, and to remain noiseless in 

operation. When in operation the tendency of the 

valve is to keep near its seat, and where these valves 

are fitted to a set of boilers, should a sudden demand 

for steam be made from the engine, each valve will 
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respond equally, and thus, the manufacturer claims, 

the danger of foaming will be minimized, if not alto- 

gether got rid of. Each complete valve is fitted with 

an indicator so that the opening at any moment can 

be readily seen and a line obtained on the working 

of each boiler. In case of mishap to one boiler this 

valve, if fitted, would isolate it from all the other 

boilers on the ship, automatically. The manufac- 

turer’s address is South Chicago and Hrie aves., South 

Chicago, Ill. 
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Ross Feed Water Filter. 

A well equipped steamer with surface condensing 

engines carries a feed water filter. The grave dan- 

gers which the entrance of oil, in suspension in the 

feed water, into the boilers occasions are well appre- 

ciated by sea-going engineers, and feed filters from 

being looked upon as luxuries have taken their place 

as part of the necessary engine room equipment. 

The apparatus exhibited here is made in this country 

by the Ross Valve Co., of Troy, N. Y. The filter is 

placed between the feed pumps and the boiler, and 

consists essentially of a chamber containing a bag 

made of the fabric known as “Turkish toweling,” so 

folded as to obtain a large area of filtering surface 

in a small space. The surface of the bag is formed 

into a series of deep circular corrugations by being 

drawn over a bronze skeleton shown in the exterior 

view, and drawn down between each of the sections 
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HENNEBOHLE CHECK AND STOP VALVE. 

by means of strings wound around it. The area of 

the filtering surface is made from 250 to 1,000 times 

the area of the feed pipe, according to the service re- 

quired. The threads of the Turkish toweling retain 

the oil until they become saturated with it, while they 

let the water pass through. The filter is so con- 

structed that the water passes from the outer side of 

the bag through it and the metal skeleton to the in- 

terior of the latter, and thence to the outflow pipe, as 

shown. The oil gradually clogs up the filtering ma- 

terial, increasing the resistance to the passage of the 

water. This resistance is indicated by the difference 
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in the readings of the two pressure gauges, one on 

the inlet and one on the outlet side of the filter. 

When the difference in pressure reaches 2 or 3 lb. 

per sq. in. the filter may be cleaned by reversing the 

direction of the current, allowing the wash water to 

run to waste, or by changing the filter bag, a fresh 

one always being kept in reserve. The head of the 

filter chamber may be opened, the filter bags changed, 

ROSS FEED FILTER. 

the skeleton and the bag being removed and it and 

the head replaced inside of five minutes. The wash- 

ing of the filter by reversing the current of watef is 

done by operating the valves in the following man- 

ner: The inlet valve, A, is first screwed down and 

closed; B is then closed, and the drain cock opened. 
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SECTION OF ROSS FILTER. 

Valve A is then opened a little and the current of 

water thus created washes the outside of the filter. 

A is then closed and B opened, causing water to pass 

from the boiler through the filter bag from the inside. 

The valve, A, is ingeniously made to perform the 

double function of a stop-valve and a by-pass valve, 

as shown in the sectional drawing. 
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Keene Water=Tube Boiler. 

A new type of high pressure water-tube boiler for 

marine use has been patented under the name of the 

“Keene Marine Boiler.” As shown in the engraving, 

it consists of one lower, one central and two upper. 

drums connected by banks of tubes, the central and 

lower drums being connected by three large tubes or 

water legs (3). A fire-box is located on each side of the 

lower drum. The casing is of sheet iron lined with 

asbestos. By means of suitably arranged tiling the 

products of combustion are made to pass three times 

through the boiler, first under the tiling (13) which 

covers the two lower banks of tubes to the back of 

the boiler, thence over this tiling and under the hori- 

zontal tiling (74) to the front, thence to the back of 

the boiler over the iling (14) and out through the 

stack, which is situated at the back of the boiler. 
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boxes, the entire structure being surrounded by a 

casing of sheet iron lined with asbestos. Without 

departing from this claim, the sizes of the drums and 

tubes and the number of the latter can be changed to 

conform to particular requirements. It is, however, 

intended that the drums shall be sufficiently large 

for a man to enter them, and that the tubes shall be 

of the “large type.” For abstracting the steam, a 

dome, drum or two separators can be used. As shown 

in the engraving, there is a double row of interlock- 

ing pipes which form a protecting wall at the back 

of the boiler; these comprise the feed water heater. 

The coils are connected with the pump, the lower 

drum, and with one or both of the upper drums.: 

When not feeding water into the boiler the valve or 

valves (24) are kept open so that there shall be a 

circulation between the upper and lower drums 
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KEENE MARINE WATER-TUBE BOILER. 

The circulation is arranged as follows: the water 

ascends from the lower drum through the outer or 

lower banks of tubes (4) to the upper drums, then 

descends through the tubes (5) to the central drum, 

and from there through the large legs (3) into the 

lower drum, and so on in continuous circuit. The 

steam generated in the lower drum, the central drum 

and the three water legs connecting these two drums 

finds an easy escape through the upper tubes (6), 

which are not submerged, these being utilized as 

steam superheating surfaces. The principal patent 

claim is for a boiler consisting of a central drum, 

around which are grouped three other drums in tri- 

angular arrangement, the drums being connected by 

banks of tubes and one drum being between two fire- 

through the coils of the heater. The advantages 

claimed for this boiler are many: perfect circula- 

tion, large grate area and large heating surface, thor- 

ough utilization of heat, economy, high pressure, 

safety, quick steaming, lightness, adaptability to 

large units, high efficiency, maximum power and 

minimum weight and space. Further particulars can 

be obtained by communicating with George J. Rock- 

well, 631 Washington Boulevard, Chicago, IIl. 

Forbes’ Patent Die Stock. 

To produce a machine which, according to its size, 

will thread pipe from 1-4 in. to 12 in. dia., and yet be 

quite portable and easily operated, has been the aim of 

the designer of the Forbes Patent Die Stock here 
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shown. The labor attendant on the use of ordinary 

hand die stocks is familiar to many of our practical 

readers, and in large work this method is really out 

of the question. Large stationary power machines, 

while very effective, have the disadvantage that the 

work must be brought to them instead of the machine 

being taken to where the work is going on. The illus- 

trations here printed show Forbes’ Patent Die Stock. 

It consists of a die-carrying gear supported and sur- 

rounded by a shell and actuated by a small pinion 

embedded in the side of the shell and working on the 

large gear, with the pipe vise attached to the back of 

the machine. To operate it, the pipe is placed through 

the pipe vise with the end to be threadeu against the 
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for this machine are: It is portable and can be carried 

from place to place and the pipe cut on the spot with- 

out the delay and expense of carrying it to the ma- 

chine. This is very valuable for marine use, as a 

machine with a capacity even for 12 in. pipe can be 

carried on shipboard in very small space, and repairs 

made by the engineering force while at sea. In case it 

is desired to thread the end of a pipe without discon- 

necting it and where only one end is exposed, the ma- 

chine can be slipped on and the work done without 

taking the pipe down. With this machine pipe even as 

large as 12 in. can be threaded by one man. Dies can 

be sharpened by grinding without first drawing the 

temper, and when one of the set is lost or broken a 
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FORBES’ PATENT DIE STOCK. 

back of the dies. The die-carrying gear is then re- 

volved by means of a crank on the end of the pinion. 

As the dies revolve the gear is drawn back into the 

shell and the dies are thus brought on to the pipe. 

These dies are adjustable to any variations of fittings, 

and, when the thread is cut, they can be opened and 

the pipe taken out without running back or stopping 

the machine. In cutting off pipe the gear is shoved 

back in the shell and held by a stop, so as to give it a 

rotary without a traveling motion. A blade cutter is 

then inserted in the gear, which is automatically fed 

forward as the gear revolves. The advantages claimed 

new one can be supplied without replacing the set. 

They draw back out of the way when thread is cut, yet 

always cutting standard sizes, and are adjustable to 

any variations of fittings. The shells are adjustable 

for wear, which greatly prolongs the life of the ma- 

chine. By the addition of a cast-iron base, with nec- 

essary gearing and countershafting, the machines can 

be fitted to run by power, so that they can be used by 

power as a power machine in the shop or taken from 

the base and used on outside work as a hand machine. 

The machines are manufactured by Curtis & Curtis, 

Bridgeport, Conn. 
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In response to the kind inquiries of friends we 

are happy to be able to state that Mr. H. L. 

Aldrich has made an exceedingly rapid recovery 

from the effects of the severe accident which he re- 

cently met with, and that he will be able soon to 

personally express his appreciation of the many 

sympathetic messages which we have received. 

yy 

ACHTSMEN and the sport loving public on 

both sides of the Atlantic are just now deep- 

ly interested in the two vessels which will compete 

this summer, in home waters, for the America’s 

cup. The Columbia, which is to defend the cup, 

is now under construction at Herreshoff’s, Bristol, 

R. I., and the Shamrock, with which Sir Thomas 

Lipton, the cup challenger, expects to carry home 

the trophy, is now building at Thornycroft’s, Lon- 

don. Notwithstanding the great feeling of inter- 

est manifested by the peoples of the two greatest 

sport loving nations, it seems to be the chief desire 

of persons on both sides of the Atlantic who are 

concerned with the construction of these yachts to 
withhold all accurate information about them. 

For this cause those interested have to depend 

upon conjecture, misinformation and downright 

untruth, which the press scatters broadcast, for 

particulars of the design, construction and equip- 
ment of these vessels. It might be argued that 
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outsiders have no right to any knowledge of the 

vessels, and this would be true undoubtedly were 

it the custom to carry out the contests privately. 

When the races are to occur, however, the public is 

duly notified and the race managers understand 

that thousands of persons will pay handsomely for 
the privilege of witnessing the matches. In this 

way the cup contest has come to have a quasi-pub- 

lic character. What object then could the cup 

contestants have for going to such extremes to 
hide all details of their plans? Within reason 

there is only one explanation: that both parties are 

afraid of each other; that neither will give any 

details for fear the other will at once incorporate 
such in his plans, or that he will take some unfair 

advantage—truly a sportsmanlike spirit! We have 

no inside information as to where the responsibility 

must be laid, in either case, for this unsportsman- 

like, unscientific and illiberal conduct. The posi- 
tion of a croaker is neither pleasant nor popular, 
but we do not hesitate to say that a contest begun 
in such a spirit of empiricism does not give prom- 
ise of that noble and fraternal conduct which 
should make the conclusion of this international 
event. It is worth while to examine further into 
the strange situation. Our British cousins seem 

on this occasion to have taken the lead in secretive- 
ness. Only lately news was cabled of the arrest of © 

two unoffending persons who were deprived of 
their liberty because they happened to be in a boat 
on the river in the vicinity of the works where the 

. Shamrock is building and had a camera in their 

possession. It is to be assumed in each case that 

the designer is at the top of his profession and 

consequently has his own ideas of model and ma- 
terial. Is it, therefore, reasonable to believe that 

either designer would slavishly imitate his com- 

petitor? Would he adopt some feature of design, 

not knowing what relation it bore to the design as 

a whole, or to what extent such fraction of design 

was interdependent on the other components of 

the vessel for the result in its entirety? Idiocy 
can imitate, brain only can originate, and no one 

on either side of the Atlantic is going to win the 

races by mediocrity. It would be unreasonable, per- 

haps, to expect that the contending parties would 

disclose all their plans. Yet a true sportsmanlike 

spirit would give those interested a general idea of 

the vessels, and would at the same time maintain a 

discreet silence as to what the vessels might be ex- 

pected to do: something that only trial can tell. 

There is no secret, of course, as to the determina- 

tion of both contestants to win—the foundation of 

all sport. We have gone into this at some length 

for the purpose of calling attention to a narrow 
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spirit in vessel construction which we deplore, and 
also for the sake of the contrast which such a 
spirit offers to the spirit of our Navy. We believe 

there is nothing that contributes more to the glori- 
ous memory of our recent victories than the re- 

membrance of the noble and truly sportsmanlike 

spirit which characterized the conduct of our Navy 
throughout, Prior to the war it was possible 
for our late enemy to not only become familiar 

with the construction of our vessels in detail, but 

to thoroughly understand their performances, and 

to verify most of the information by personal in- 
spection. There is no finer courtesy afloat than is 

to be found on the American man-of-war. In the 
Government publications and in the proceedings of 

the learned societies there is full and free discus- 
‘sion of the merits and limitations of our ships. In 

effect the Navy says: “You can have all the in- 

formation you want about our ships, but don’t 

forget that when the time comes we will lick you 

- to a standstill.” There is no secrecy, no hugger- 
mugger, no effort to take advantage or to spring 

some unlooked for device at the last moment, but 

with open hearts and manly courage our sailors 

take their ships into the race that leads to death 
or victory. So long as this spirit animates our 

sailors so long will the American Navy be in- 

vincible. Search the pages of history for a finer 
example of chivalry and you will not find it even 
in the chronicles of the crusades. To dwell on 
this manifestation of National character incites 
such feelings of love of country and pride of race 

as are beyond all human expression. 

a ay My — 

N our educational department in this issue the 
| reader will find an extremely interesting paper 

on sketching by Professor C. W. MacCord, which, 

though one of a series primarily intended for be- 
ginners, can be read with profit by the most experi- 

enced. There are one or two points made by the 

author, who, by the way, is one of the greatest liv- 

ing authorities on all matters pertaining to en- 

gineering drawing, that should find a place in the 
notebook of every engineer. One is that the draw- 
ing or sketch should be such that by its aid the 

workman can make what is required without the 

possibility of mistake. Any one who has had 

much practical experience will recall cases in which 

a drawing was not of this kind. The three most 
frequent causes of error, perhaps, are insufficiency 

of detail, or the reverse—over-elaborateness of de- 

tail and thus confusion—and the unfamiliarity of 
the draughtsman with workshop limitations. The 

first two can be more easily guarded against than 
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the last, unless the designer has had sufficient shop 
experience. ‘The lack of this is responsible for 

much labor wasted on drawings for impossible 

castings, that no foundry could turn out, or on en- 

gine parts that no machine in the builder’s shop 

could handle, at least with anything like economy. 
The misuse of materials and the lack of sufficient 
clearance for moving parts are also common errors. 

The error of leaving out necessary details is most 

common with beginners, who often assume that 

because they are perfectly familiar with the object 

sought to be represented the mechanics in a shop, 

say 1,000 miles away, should be equally informed. 

Marine engineers who are often far distant from 

shops in case of breakdown cannot be too careful 

in this respect. .'The experienced draughtsman, 

on the contrary, too often goes to the other ex- 
treme and gets out most elaborate plans, works of 

art in fact, which are practically worthless. This 
is frequently due, as Professor MacCord points out, 

to the use of unnecessary dotted lines. In the end 
elevation of an engine, for example, dotted line is 

laid on dotted line until the drawing looks like a 
tangled skein of thread, and probably not even the 

draughtsman himself could, after a lapse of time, 

take off the dimensions with a scale. ‘This is espe- 

cially annoying and misleading when blueprints 
are used. The shrinkage of the print is such that 

the drawings cannot be read by scale and there is 

no room for figured dimensions. Most of the 

troubles with drawings arise from a misconception 

of their purpose. The trained draughtsman who 
is confined to the board often grows into the belief 

that the end and aim of his work is to produce fine 
drawings, whereas in reality his work is only a 
means to an end—the satisfactory construction of 

an efficient and economical machine with the facil- 
ities at hand. 

—— — 

le commenting upon the new Naval programme 

in our last issue the number of protected cruis- 

ers provided for was given as three. This is an error, 

as the correct number is six, which, with the three 

battleships and three armored cruisers, makes a 

total of twelve new vessels. The Navy Depart- 
ment originally recommended the construction of 

fifteen vessels, but Congress in its wisdom cut this 

down to twelve ships nominally and six practically, 

as the armor plate restriction holds up indefinitely 

the construction of the three battleships and three 

armored cruisers. Meanwhile it is a consolation to 

know that our Navy will soon be strengthened by 

the addition of several vessels now under construc- 
tion. 
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MARINE BREAKDOWNS AND LOSSES. 

S.S. Norseman Ashore at Marblehead. 

The Warren line steamship Norseman went ashore 
in a fog on Marblehead Neck early in the morning of . 
March 29 while trying to make Boston harbor without 
a pilot. The shore here is unusually rocky, with 
boulders scattered about on the bottom into deep 
water. She struck about 500 yards off shore and 
filled, so that she drew 31 ft. forward and 19 ft. aft, 
about 100 ft. of her keel from the stern post forward 

overhanging a ledge on which she lay. The life sav- 
ing crew was promptly in attendance, and the crew 

and officers were taken ashore in the breeches buoy. 
The captain was the last to leave, and his journey to- 

ward the shore is depicted in the reproduction of the 
snapshot here printed. 

As soon as the owner’s agents were notified they 
enlisted the services of the Boston Tow Boat Com- 
pany, and Captain William J. Humphrey, of that well- 
known wrecking concern, went down to make a sur- 
vey of the Norseman. As a result. it was decided to 
put large centrifugal pumps aboard and attempt to 
drain the vessel. She has seven watertight compart- 

ments and in each a pump, with a capacity of ten tons 
a minute, was placed in the ’tween decks. On the 
upper deck a boiler was placed for each pump. It was 
then found that the pumps could reduce the water in 
all the holds except the forward one, and here the 
pump was not able to make any impression. Pump- 
ing was here discontinued and the hatches were put 
on in the lower ’tween decks and shored down, and the 
same treatment was applied to the deck all over, so 
that the vessel could float on that deck at the forward 
end. Divers were also sent down, but they could not 
accomplish anything, as the wounds were all under 

the ship. The wreckers next laid anchors and cables 
out astern of the ship, about four points on the port 
quarter, so as to haul her off clear of Tom Moore’s 
rocks, inside of which the Norseman lay. At the first 
tide the vessel was hauled about 50 ft., which was 
sufficient to haul her bow out of the hole in whieh it 
rested and put the ship more nearly on an even keel, 
Divers were now able to get at the holes in the bottom 
and to fill some of the holes with oakum, blankets, 
plugs and wedges, and so check the inflow that the 
pumps could reduce the depth of water in the holds 
very considerably. Meanwhile the cargo was being 
pulled out and discharged into lighters alongside and 
towed to Boston. At the next high tide, though the 
vessel was drawing 23 ft. forward, 19 ft. aft and 18 ft. 
at the bridge, the wreckers hauled her toward deep 

water about 60 ft. This process was repeated at the 
next following high tide, and finally on the morning of 
April 7, with the assistance of some ocean swell that 
was rolling in, the Norseman was floated. She was 
then towed to the Simpson dry dock, in Boston, and 
docked for a survey by the underwriters’ representa- 
tives. The damage she sustained was very serious, as 
a little forward of amidships her entire bottom was 
almost torn out. The vessel had a mixed cargo, in- 
sured for $250,000. It consisted in part of china clay 
and bleaching powder, which were destroyed, and 
wool and textile fabrics, which were much damaged. 

The Norseman is a four-masted iron single-screw 

vessel of 4,550 tons register, built in 1882 by Laird 
Bros., Birkenhead-on-the-Mersey. Her dimensions 

are: Length, 392 ft.; beam, 44 ft.; depth, 25 ft. She is 
fitted with compound engines, with cylinders 48 in. 
and 85 in. by 60 in. stroke. She was classed 100 Al at 

Lloyds. 

Boiler Explosion on H.M.S. Terrible. 

As a result of the coroner’s investigation into the 
recent fatal accident on the British cruiser Terrible a 
verdict was rendered by the jury exonerating the offi- 
cers of the vessel and recommending that the Admi- 
ralty discontinue the use of welded boiler tubes. The 
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evidence showed that the explosion occurred while the 
cruiser was steaming at about the rate of 14 knots on 
her return trip home from Malta. The engineer officer 
who was on watch testified that he heard “a hissing 
noise” in one of the boilers, and fearing that a leak 
had developed he gave the order to draw fires. One 
of the firemen in obedience opened the furnace door, 
and instantly there was a loud report, and steam and 
flame came out through the door in an explosive blast. 
The section of the stokehold in which the boiler was 
located instantly became filled with steam, and men 
from an adjoining compartment groped their way in 
and dragged out the firemen who had been injured; 
the stoker who had opened the door suffered fearfully, 
and died soon after being taken to the sick bay. 

The witness believed that the failure of the tube 
had been caused by deterioration of the metal owing 
to the work it had gone through. The tube was of the 
welded variety, and he believed that solid drawn tubes 
were more reliable. It also developed in the inquest 
that on the outward trip of the Terrible a tube had 
burst and two men were slightly scalded as a result. 
In all three tubes “had gone” during the voyage. :-The 
disaster caused a temporary panic, and it was difficult 
to get the men to stand up to their work afterward, 
and when firing they endeavored to keep as far from 
the furnace doors as possible. The mishap was also 
variously credited to shortness of feed water, and to 
leaky condensers, which permitted salt to get into the 
boilers. At the time of the mishap the gauge pressure 
was only 180 lb. per sq. in. ~ 

The Terrible, as most of our readers are doubtless 
aware, is one of the two largest cruisers afloat, and 
she has always been looked upon as an experiment in 
many respects. Her machinery has given more or less 
trouble since she was put in commission. She was 
built at Clydebank in 1895, and is a protected cruiser 
of these dimensions: Length, 500 ft.; beam, 70 ft.; 
draught, 27 ft.; displacement, 14,200 tons. Her twin 
screw engines are of the four crank triple-expansion 

type, giving 24,000 I. H. P. collectively with induced 
draft, and a speed of 221-2 knots. She is fitted with 
forty-eight Belleville water-tube boilers, placed in 
eight compartments, with a total grate surface of 2,200 
sq. ft. and heating surface of 67,800 sq. ft. She has 
four funnels and two military masts, and is altogether 
a huge and powerful looking war vessel of the cruiser 
type. 

Inquiry into Loss of S.S. Londonian. 
The British Board of Trade has held an inquiry into 

the loss of the British steamship Londonian, 5,000 
tons, at sea, and found that the ship was in every way 
well found and well built. Her loss is attributed in- 
directly to a bunch of cotton waste. The vessel was 
fitted with a steam steering gear which employed a 
tooth quadrant and gear. When one of the crew was 
cleaning up he left a handful of waste in the case 
which inclosed the gear, with the result that later it 
worked in between the circular rack in the quadrant 
and the driving pinion and locked the gear. ‘his oc- 
curred at a critical moment, when a gale was blowing 
and the sea was running high. Before the rudder 
could be got to move again the ship fell off into the sea 
and both cattle and cargo shifted to leeward. The ves- 
sel was in consequence so inclined that the sea cocks 
were above water and the engines had to be stopped 
for lack of circulating water for the condensers. By 
this time the vessel had become unmanageable, and 
was finally abandoned in mid-ocean. The breakdown 
of steering gear on large steamships, from one cause 
or another, in bad weather, has become of late a matter 

of frequent occurrence. In some instances the vessel, 
being fitted with twin screws, was enabled to keep 
steerage way until repairs could be made or the sup- 
plementary hand gear put into service. 

The Londonian was a four masted steel steamer, in 
CGimensions: Length, 450 ft.; beam, 49 ft.; depth, 30 
ft. 9 in. 
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EDUCATIONAL DEPARTMENT. Elastic Limit: Not less than 35,000 lb. per square 

inch. 
: Sa a Cold Bending Test.—One piece cut from each shell 

HELPS FOR CANDIDATES FOR IMARINE EN= _ and curved head plate, as finished at the rolls for cold- 
GINEERS’ LICENSES—IIATERIALS OF bending test, must bend over flat on itself without 

: ENGINEERING CONSTRUCTION—III. sign of fracture. 
N 

BY DR. WILLIAM FREDERICK DURAND. STRENGTH OF FURNACE AND FLANGE PLATES. 

' —_ Tensile Strength: Between 52,000 and 60,000 Ib. per 
(12) Various Specifications for Structural Steel. square inch. 

U. S. NAVY. Elongation: Not less than 26 per cent in 8 in. 
COMPOSITION OF BOILER PLATES, Quenching Test.—One piece shall be cut from each 

| _ Phosphorus: Not over .085 of one per cent. furnace or flange plate as finished at the rolls for 
Sulphur: Not over .040 of one per cent. quenching test, and after heating to a dark cherry red, 

VIEWS OF THE S.S. NORSEMAN ON THE ROCKS AND THE CAPTAIN COMING ASHORE IN THE BREECHES BUOY. 

STRENGTH OF SHELL PLATES. plunged into water at a temperature of 82 deg. F. The 
Tensile Strength: Between 65,000 and 73,000 Ib. per piece thus prepared must be bent double round a curve 

square inch. of which the diameter is not more than the thickness 
Blongation (transverse): Not less than 22 per cent of the piece tested, without showing any cracks. The 

in 8 in. ends of the pieces must be parallel after bending. 

Elongation (longitudinal): Not less than 25 per BOILER RIVETS. 
cent in 8 in. Kind of Material.—Steel for boiler rivets must be 
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made by the open-hearth process and must not show 
more than .035 of one per cent of phosphorus, nor 
more than .04 of one per cent of sulphur, and must be 
of the best composition in other respects. 

Tensile Tests.—These specimens for rivets for use 
in the longitudinal seams of boiler shells shall have 
from 62,000 to 70,000 lb. per square inch tensile 
strength, with an elongation of not less than 25 per 
cent in 8 in.; and all others shall have a tensile 
strength of from 54,000 to 62,000 lb. per square inch, 
with an elongation of not fess than 28 per cent in 8 in. 

Shearing Tests.—From each heat, rivets must show 
a shearing strength of at least 51,000 lb. per square 
inch for rivets to be used in longitudinal seams of 
boiler shells, and at least 44,000 lb. per square inch for 
all other boiler rivets. Rivets to be driven at the same 
heat used for working. 

Hammer Test.—From each lot six rivets are to be 
taken at random and submitted to the following tests: 

(a) Two rivets to be flattened out cold under the 
hammer to a thickness of one-half the diameter of the 
part flattened without showing cracks or flaws. 

(b) Two rivets to be flattened out hot under the 
hammer to a thickness of one-third the diameter of 
the part flattened without showing cracks or flaws— 
the heat to be the working heat when driven. 

(ec) Two rivets to be bent cold into the form of a 
hook with parallel sides without showing cracks or 
flaws. 

RODS, SHAPES AND FORGINGS FOR BOILER BRACING, 

Kind of Material.—Steel for stay rods and braces 
must be made by the open-hearth process, and must 
not show more than .035 of one per cent of phosphor- 
us, nor more than .04 of one per cent of sulphur, and 
must be of the best composition in other respects. 

Treatment.—All material for boiler bracing must be 
annealed after working. 

Tensile Test—Bracing coming into contact with 
the fire must have a tensile strength of from 
50,000 to 58,000-1b., and an elongation of not less than 
28 per cent in 8 in., or of 33 per cent in 2 in. in case 
8-in. specimens can not be secured. Other bracing 
must have a tensile strength of not less than 65,000 Ib., 
and an elongation of not less than 24 per cent in 8 in., 
or of 30 per cent in 2 in. in case 8-in. specimens can 
not be secured. 
Bending Test.—One bar 1-2 in. thick, cut from each 

lot of the bracing coming in contact with the fire, 
must stand bending double to an inner diameter of 
1 in. after quenching in water at a temperature of 82 
deg. F., from a dark cherry-red heat without showing 
cracks or flaws. A similar piece cut from each lot of 
the other bracing must stand cold bending double to 
an inner diameter of 1 in. without showing cracks or 
flaws. 

Opening and Closing Tests—Angles, T bars, etc., 
are to be subjected to the following additional tests: 
A piece cut from one bar in twenty to be opened out 
flat while cold; a piece cut from another bar in the 
same lot shall be closed down on itself until the two 
sides touch without showing cracks or flaws. 

CONNECTING AND PISTON RODS AND VALVE STEMS, 

Tensile Strength: Not less than 80,000 lb. per 
square inch. 

Elongation: Not less than 26 per cent in 2 in. 
Elastic Limit: Not less than 50,000 lb. per square 

inch. 

Bending Test.—One longitudinal bar 1-2 in. thick, 
cut from each forging, must stand bending double, 
when cold, to an inner diameter of 1 in. without show- 
ing cracks or flaws. 

THRUST LINE AND PROPELLER SHAFTING, 

Tensile Strength: Not less than 80,000 Ib. per 
square inch. 

Elongation: Not less than 25 per cent in 2 in. 
Elastic Limit: Not less than 50,000 lb. per square 

inch. 
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CRANK SHAFTS, 

Tensile Strength: Not less than 58,000 lb. per 
square inch. 

Elongation: Not less than 30 per cent in 2 in. 
Bending Test—Bars 1-2 in. thick, cut from each 

length of shaft, must stand bending double to an inner 
diameter of 1 in. without showing cracks or flaws. 

STEEL CASTINGS. 

Phosphorus: Not more than .06 of one per cent. 
Tensile Strength: Not less than 60,000 lb. per 

square inch. 
Elongation (for moving parts): 

per cent in 8 in. 
Elongation (other castings) : 

cent in 8 in. 
Bending Test.—A bar 1 in. square shall bend cold 

without showing cracks or flaws, through an angle of 
120 deg. for castings for moving parts of machinery, 
and 90 deg. for other casting, over a radius not greater 
than 1 1-2 in. 

Not less than 15 

Not less than 10 per 

U. S. INSPECTION REQUIREMENTS FOR BOILER 
PLATE. 

Phosphorus: Not more than .06 of one per cent. 
Sulphur: Not more than .04 of one per cent. 
Elongation (1-4in. and under): 25 per cent in 2 in. 
Elongation (1-4 in. to 7-16 in. ine.): 25 per cent in 

4in. 
Elongation (7-16 in. to 1 in. inc.): 

8 in. 
Elongation (lin. and over): 25 per cent in 6 in. 
Reduction of Area at Rupture (1-2 in. and under): 

Not less than 50 per cent. 
Reduction of Area at Rupture (1-2 in. to 3-4 in.): 

Not less than 45 per cent. i 
Reduction of Area at Rupture (3-4 in. and over): 

Not less than 40 per cent. 

25 per cent in 

AMERICAN BOILERMAKERS’ ASSOCIATION RE- 
QUIREMENTS. 

Phosphorus: Not over .04 per cent. 
Sulphur: Not over .03 per cent. 
Tensile Strength: 55,000 to 65,000 Ib. 
Elongation (3-8 in. and under): 20 per cent in 8 in. 
Elongation (3-8 in. to 3-4 in.): 22 per cent in 8 in. 
Elongation (3-4 in. and over): 25 per cent in 8 in. 
Cold Bending.—For plates 1-2 in. thick and under, 

specimen must bend back on itself without fracture. 
. For plates over 1-2 in. thick, specimen must bend 180 
deg. around a mandril one and one-half times thick- 
ness of plate without fracture. 

BRITISH BOARD OF TRADE REQUIREMENTS. 

Tensile Strength of Plates Not Exposed to Flame: 
60,480 to 71,680 lb. per square inch. 

Tensile Strength of Plates Exposed to Flame: 
58,240 to 67,200 Ib. per square inch. 

Elongation: From 18 to 25 per cent in 10 in. 

STANDARD SPECIFICATIONS ADOPTED BY THE 
ASSOCIATION OF AMERICAN STEEL 

MANUFACTURERS. 

Special Open-hearth Plate and Rivet Steel. 
Steel shall be of four grades, as follows: EHztra 

Soft, Fire-boxz, Flange or Boiler, and Boiler Rivet 
. Steel. 

Extra Soft, Fire-box and Boiler Rivet Steel: Max- 
imum phosphorus, .04 per cent; maximum sulphur, 
.04 per cent. 

Flange or Boiler Steel: Maximum phosphorus, .06 
per cent; maximum sulphur, .04 per cent. 

PHYSICAL PROPERTIES. 

Extra Soft and Boiler Rivet Steel. 
Ultimate Strength: 45,000 to 55,000 lb. per square. 

inch. 
Elastic Limit: 

strength. 
Not less than one-half the ultimate 
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Elongation: 28 per cent. 
Cold and Quench Test: Bends 180 deg. flat on itself 

without fracture on outside of bent portion. 

Fire-box Steel. 

Ultimate Strength: 52,000 to 62,000 lb. per square 
inch. 

Elastic Limit: Not less than one-half the ultimate 
strength. 

Elongation: 26 per cent. 
Cold and Quench Test: Bends 180 deg. flat on itself 

without fracture on outside of bent portion. 

Flange or Boiler Steel. 

Ultimate Strength: 52,000 to 62,000 lb. per square 
inch. 

Elastic Limit: Not less than one-half the ultimate 
strength. 

Elongation: 25 per cent. 
Cold and Quench Test: Bends 180 deg. flat on itself 

without fracture on outside of bent portion. 
(18) Special Properties of Steel. Mild or low car- 

bon steel may be welded, forged, flanged, rolled and 
cast. It can not be tempered or hardened with a pro- 
portion of carbon lower than about 3-4 of one per cent. 
High carbon steel can be welded only imperfectly and 
if very high in carbon not at all. It can be forged with 
care, and cast into forms as desired. It can be tem- 
pered or hardened by heating to a full yellow and 
quenching in cold water or by other means, and then 
drawing the temper to the point desired. 

Mild steel should not be worked under the hammer 
or flanging press at a low or “blue” heat, as such work- 
ing is found in many cases to leave the metal brittle 
and unreliable. Steel in order to weld satisfactorily 
should have a low proportion of sulphur, and special . 
care is required in the operation, because the range of 
temperature through which the metal is plastic and fit 
for welding is less than with wrought iron. 

In the operation of tempering, the steel after 
quenching is very hard and brittle: In order to give 
to the metal the properties desired, the temper is 
drawn down by heating it up to a certain temperature, 
and then quenching again, or, better still, allowing it 
to cool gradually, provided the temperature does not 
rise above the limiting value suitable for the purpose 
desired. If the reheating is done in a bath of oil the 
conditions may be kept under good control and the 
final cooling may be slow. If the reheating is in or 
over a fire the control is lacking and the piece must be 
quenched as soon as the proper temperature is 
reached. This is usually determined by the color of 
the oxide or scale which forms on a brightened sur- 
face of the metal. The following table shows the tem- 
peratures, corresponding colors, and uses for which 
the various tempers are suited: 

5 5 
oe soem set ow, k Hardest and keenest cutting tools. 

470° Full yellow.  Oatiains tools requiring less hard- 
490° Brown yellow or orange.) ness and more toughness. 
510° ~Purplish. fools for working softer materials, or those re- 
530° Purple. uired to stand rough usage. 
550° Light blue. aoring temper. Used for tools requiring great 
560° Full blue. elasticity or toughness, or for working very 
600° Dark blue, soft materials. 

(14) Special Steels. In the common grades of 
steel the valuable properties are due to the presence of 
carbon modified in some degree by other ingredients 
as already described. There are other substances which 
by uniting with iron in small proportions are able to 
give to the combination increased strength or hard- 
ness or other valuable properties. We have thus yari- 
ous special steels in which the properties may be due 
to the presence of both carbon and other ingredients, 
or due chiefly to special ingredients other than carbon. 
Of these special steels we may note the following: 

Nickel steel, containing somewhere about 3 per cent 
of nickel and varying amounts of carbon, is found to 
have increased strength and toughness as compared 
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with ordinary steel. Nickel steel is most extensively 
used for armor plate, though to some extent it has 
been employed in Government work for screw-shafts 
and for boiler plates. For the former purposes it has 
given excellent satisfaction, but for the latter use diffi- 
culty has been met with in obtaining plates free from 
surface defects. 

Chrome steel, containing from .5 to 1.5 or 2 per cent 
of chromium may be made excessively hard, but it is 
not always reliable, and is not regarded with general 
favor. 

Tungsten steel or mushet steel is a steel containing 
carbon and tungsten, the latter in proportions as 
high as 8 to 10 per cent. This steel must be forged 
with care and is excessively hard. The hardness is not 
increased by tempering, but is naturally acquired as 
the metal cools. Hence it is said to be self-hardening. 
Some specimens contain also small amounts of man- 

ganese and silver. Its chief use is for lathe and planer 
or other cutting and shearing tools where excessive 
hardness is required. 

(15) Uses of Steel in Marine Construction. In 
modern practice mild or structural steel is used en- 
tirely in the construction of ships. 

The same general class of material is used for all 
parts of boilers, though the tubes are still sometimes 
made of wrought iron. 

Cast steel is used for various parts of engines such 
as pistons, crosshead blocks, columns, bed-plates, bear- 
ing pedestals and caps, propeller blades, and for many 
small pieces and fittings. Pistons are made almost ex- 
clusively of cast steel. For most of the other items 
mentioned cast iron is still used, probably to a larger 
extent than cast steel, especially where the castings 
are large and complicated in form, as with columns 
and bed-plates. 

Forged steel is used for columns, piston-rods, con- 
necting-rods, crank and line shafting, and for many 
other smaller and minor parts. 

, 

THE ART OF MAKING MECHANICAL SKETCHES 
—FOR MARINE ENGINEERS—VII. 

BY PROF. C. W. MAC CORD. 

The importance of a judicious selection and ar- 
rangement of the views has been already mentioned 
more than once. But we make no apology for again 
calling attention to it, because experience has shown 
that mechanical drawings can be made which are 
theoretically correct and accurately executed, and, in 
spite of all, are difficult to read and to work from. 

This may be due to more than one cause: the first, 
as we conceive, follows from the fact that in the dis- 
cussion of the theory, the construction of three views 
is in the majority of the illustrations desirable, if not 
indeed necessary. And we have known cases where 
the inference has been drawn, and, worse still, acted 
on, that three views of the whole thing must be made. 
That this is not so was illustrated in the sketch of 
the crank and crank-pin, Fig. 28,* and it is shown in 
a still more emphatic manner in the accompanying 
sketch of the connecting-rod, Fig. 29. 

In this case it is quite clear that an end view of the 
cross head end of the rod, which is forked, would have 
been not only useless but obscure. Of course it might 
easily enough be made, but if it were introduced in a 
working drawing the chances are that the mechanic 
would think it was put there for some good reason, 
imagine it his duty to find out what that reason was, 
and waste time in the vain attempt. In like manner 
a top view of the crank end would be equally useless, 
although one of the forked end is absolutely neces- 
sary. In relation to this, one rule applies in all cases, 
and that is that the drawing or the sketch, as the 
case may be, must be such that by its aid the work- 

*See February, 1899, issue of Marine Engineering, page 43. 
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man can make what is required without the possibil- 
ity of mistake. This condition being satisfied, the 
draughtsman’s work is done and his responsibility 
ends. 

Fig. 29 ilustrates a case (of frequent occurrence) in 
which it is wholly unnecessary to attempt to sketch 
the whole object; much space is saved by breaking 
out the greater part of the shank of the rod, and at 
the same time the two ends can be drawn on a larger 
scale and, therefore, more clearly. 

The same expedient may be, and often is, adopted 
in making an instrumental drawing, which may be 
made more complete by the addition of a drawing of 
the whole shank, or at least a side view of it, on a 
small scale. This addition would be necessary in the 
sketch as well were the shank made, as it often is, 
with a swell in the middle; but the fact that it is not 
given is a positive indication that there is in this case 
no swell, but that the rod tapers uniformly from its 
least diameter to the greatest. 

Another cause of obscurity in otherwise perfect 
drawings is a mistaken impression that everything 
which is shown in one view must be shown in the 
others, which often leads to the introduction of a con- 
fusing multiplicity of dotted lines. But if any part 
is sufficiently shown in one view it is not necessary to 
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parts are to be polished which are not marked 
“Rough,” as for instance certain portions of the 
brasses. The parts not of wrought iron are desig: 
nated by reference letters explained in the annotation 
as “a, a, Composition Metal.” 

Mention may here be made of a method sometimes 
adopted of distinguishing different metals or ma- 
terials by means of conventional variations in the 
style of “sectioning” or hatching of parts shown in 
section. Nothing of that kind, of course, is pos- 
sible in making sketches; and in regard to instrumen: 
tal drawings, where it is possible, it is to be noted 
that since there is no universal system by which the 
various materials can be positively recognized, noth- 
ing yet devised is a perfect substitute for reference 
letters with proper marginal explanations. These 
are neat, easily made and cannot be misinterpreted. 
For the benefit of those of our readers who propose 
to make finished drawings it may be added that all 
systems of “conventional section-lining” which have 
yet been proposed are open to the objections that they 
are difficult of execution, waste much valuable time, 
are hideous in appearance, and, well or ill done, they 
ruin the effect of the best executed drawing. 

In the preceding article a passing allusion was 
made to the fact that skill in making free-hand 
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show it in another one. For instance, the bolts of the 
pillow-block end in Fig. 29 are fully defined in the 
side view, it being understood that a square head or 
nut is always drawn with the flat side toward the 
observer, and a hexagonal one, with one flat side simi- 
larly placed, in any view in which the bolt is shown 
“side on.’ Now something in the way of an end view 
is necessary here, but it would display very bad judg- 
ment to make this an outside view of the whole, as is 
sometimes done; it is perfectty obvious that many 
dotted lines would be required, much to the detriment 
of clearness. Instead of that a view of the “butt 
brass” (the one next to the shank of the rod) is alone 
given, the rod being taken apart and everything else 
removed. This view is taken from the right, looking 
toward the left, and, supposing a film cut off just be- 
yond the center line, the brass is shown in section, 
thus clearly exhibiting its conformation. 

Before dismissing this sketch a little may be said 
in regard to the annotation. The instruction, 
“Wrought Iron Polished,’ implies that the greater 
part of the structure is of that material and that all 

sketches in good mechanical proportion is a qualifica- 
tion of special value to the designer. Indeed a fair 
degree of skill in this direction is absolutely essen- 
tial in designing a new machine, if it be at all com- 
plicated. No matter how clear a conception has been 
formed as to the general arrangement of the whole 
and the relations of the parts, some visible record of 
that conception, to which reference may be made on 
occasion, is necessary before the designer can proceed 
with confidence of success in the elaboration of de- 
tails, and this record is as a matter of course made in 
the form of a sketch. 

To be sure, this first skeleton is not necessarily 
wholly free-hand, since certain definite dimensions 
are often assigned as a basis, such as the bore and 
stroke of a steam engine, specific movements of given 
pieces, which must be reduced to settled proportions, 
and many other conditions which may indicate within 
close limits some leading features of the skeleton dia- 
gram, so that instrumental construction may be abso- 
lutely necessary in preparing as one may say the 
foundation of the contemplated structure. But the 
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first steps in filling out the skeleton into the complete 
body is ordinarily dependent upon free-hand work, 
what may be called a sketch plan being thus pro- 
duced, serving as a guide in subsequent operations, 
but subject to alterations as they may be suggested or 
perhaps required in the development of the scheme. 

In simple cases it may be possible to proceed at once 
with the laying out of details, these being added one 
by one to the sketch plan as they are completed; but 
this is not at all a safe course in dealing with compli- 
cated mechanisms, where it is usually advisable and 
often imperative to make upon the sketch plan itself 
such representations of at least those parts which are 
immediate neighbors as will give reasonable assur- 
ance that no interference will occur when the details 
are finally worked out. 

All this must obviously be done largely with the 
free hand, and it is equally clear that the sketch will 
be the better in the precise proportion in which the 
details as sketched resemble in form and approximate 
in dimensions the working drawings when eventually 
reduced to scale. 
And again it must be recollected that the problems 

presented in the process of designing a machine are 
seldom so sharply limited as to admit of but one solu- 
tion which excludes all consideration of different 
ones. On the contrary the desired object can, far 
more often that not, be accomplished in several dif- 
ferent ways, each having advantages of its own, and a 

selection can be made only by comparison, for which 
reasonably accurate sketches are absolutely indispen- 
sable. On all accounts then it is a most desirable ac- 
complishment to be able to sketch mechanical details 
in proper proportion; and in acquiring it, certain 
lines of practice may be suggested as likely to be of 
benefit to those who are industriously disposed. 

First of all is to be named the making of sketches 
directly from the object, without measurement. It 
is better at first to begin with comparatively small 
objects, such as minor details, and to make the sketch 
of full size. In this way the relation between the 
drawing and the thing drawn is better fixed in mind, 
so that the operator becomes the more able, upon ex- 
amining a full-size drawing, to form an adequate 
mental conception of the actual appearance of the 
machine itself. After the sketch is finished both the 
object and the sketch should be measured, in order to 
ascertain the closeness of the approximation: If the 
object be large, the sketch may be made on a reduced 
scale, and when completed the test is made as before 
by measurement; a leading part, as for instance the 
diameter of a journal in the sketch, being compared 
with it actual size, gives the scale of reduction, and 
all other parts should be found reduced in the same 
proportion. 

Next to this may be named the making of free-hand 
copies of working drawings. This is obviously bene- 
ficial, since in designing the very object is to make 
sketches which shall resemble working drawings as 
closely as possible. Of course, in this kind of prac: 
tice the proportions of the original are to be pre- 
served, but the scale may be varied with advan- 
tageous results. 
And still again the making of sketches from mem- 

ory will be found of the greatest benefit, and that no 
less for the professional than for the tyro. In doing 
this it is necessary to form a clear mental conception 
of the work in hand, very closely akin to that which 
a designer must have. In a word, the operator to be 
successful must see not only the lines he is making 
with his physical eye, but also (with his mental eye) 
the object itself, and he should see the one as clearly 
as the other. Sketches may be made in this way, 
either from the recollection of an object examined 
and studied or from that of a working scale drawing, 
and when practicable the accuracy of the sketch 
should be tested by subsequent comparison with the 
original. This desired power to sketch in proportion 
is to some extent a natural gift, but by faithful work 
along these lines it may be cultivated and greatly 
strengthened. 
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ENGINEERS’ DICTIONARY—XVII. 

Expansion Joint.—A form of joint in a steam pipe 
which will allow of expansion or contraction length- 
wise without buckling or straining the pipe. The 
common form of expansion joint is shown in Fig. 70, 
and consists of a recessed portion on one part of the 
pipe into which the other part fits as shown. The 
space left between the two thus forms a stuffing box 
into which packing is compressed by means of the 
gland as shown. The two parts of the pipe are thus 
free to slide a little way, one relative to the other, 

while the joint is kept tight by means of the stuffing 
box and gland in the usual way. As may be seen, the 

steam pressure within the pipe, especially if it con- 
tains a bend, will tend to force the two portions of the 
joint apart, and thus open the pipe at this point. To 
guard against this, struts or safety stays should be 
fitted. In the figure one of a pair of such stays is 

shown by the long bolt on the top. In special and 
more complicated forms, known as balanced or equili- 
brium expansion joints, these forces are more or less 
completely balanced at the joint itself. 
Feathering Propeller.—A form of screw propeller 

in which the blades may be turned about a radial axis, 
thus changing their pitch, or even turned so far that 
their direction of inclination relative to the axis is 
reversed and the propeller is changed from right-hand 

to left-hand, or vice versa. With such a propeller back- 
ing is effected by simply allowing the engine to run 
constantly in one direction and reversing the blades as 
may be desired. There are various forms of mechan- 
ism used for controlling and effecting the reversal, but 
they fall usually under the two classes, of control by 
gearing, or by rods and eccentric pins. The hubs of 
such propellers having to contain a certain part of the 
reversing mechanism are usually quite large, though 
not perhaps much larger than those of propellers with 
separate blades. Such propellers have met with some 
favor for use on small craft fitted with gas and oil en- 
gines, most of which have necessarily to run continu- 
ously in one direction. Where a screw propeller is 
used as an adjunct to sails, it presents a considerable 
resistance when not in use by being dragged, turning, 
through the water. In such case a feathering pro- 
peller by allowing the blades to be placed fore and aft 
will present a less resistance than one of the usual 
form. 

Feed Pipe.—A pipe serving to conduct the feed 
water from the feed pump to the boiler. 

Feed Check.—See Check Valve. 
Feed Heater.—A device for specially heating the 

feed water before its entry into the boiler. Feed heat- 
ers fall into two chief classes according as steam or 
waste furnace gas is made the agent for effecting the 
heating. If steam is used it may come from the boiler 
direct, or the exhaust steam from some of the receivers 
or from non-condensing auxiliaries such as pumps, 

blowers, etc., may be employed. Again, the steam used 

to effect the heating may be either mingled with the 
feed water direct by some suitable form of spraying 
device, or it may pass on one side of a series of thin 
copper or brass tubes while the feed water passes on 
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the other, thus. effecting the heating by transfer 
through the metal of the tubes. At the same time the 
water formed by condensation on the steam side of the 
heater is collected, trapped out, and turned into the 
feed-water system, so that no fresh water may be lost. 
When the waste furnace gases are used, some form 

of tubular heater must necessarily be used. The nests 
or coils of pipe are located in the uptakes or base of 
the stack, and the water is passed through them or on 
the inside, while the waste gases pass around them or 
on the outside. Such forms of feed heaters are coming 
to be considered as quite an important part of the 
water-tube boiler. In such case the whole combination 
may really be considered as a boiler in two stages. 
The first consists of the feed-water heater in which the 
water is heated up to nearly or quite the boiling point, 
but in which it is not desired to actually generate 
steam. In the second part, or boiler proper, the water 
thus heated is taken and the operation of conversion 
into steam is completed. In some cases both forms of 
feed-water heater are used. 

If the original temperature of the feed water is 
about 100 deg. F., its temperature after passing 
through the ordinary forms of heaters may be from 
150 deg. to 200 deg. With special forms of heater, 
however, the temperature may be carried quite up to 
the temperature of boiling. 

Felt or Felting.—Some form of fibrous or semi- 
fibrous fireproof material, made in sheets and used for 
wrapping steam pipes and boilers, in order to prevent 
the loss of heat. Fireproof felt is made of a great 
variety of substances of mineral or of mineral and 

animal source. A good felt for the engineer’s pur- 

pose should be fireproof, not too heavy, readily fitted 
in place about pipes and steam fittings, and should 

not lose its properties by the long continued applica- 

tion of heat. 
Ferrule.—A cast-iron fitting placed in the combus- 

tion chamber ends of the tubes in fire-tube boilers. 

When such boilers are severely forced, especially if 

the proportion of heating surface is small, the effect 

is especially severe at the tube ends, where the hot 

gas enters, resulting in the production of leaks and a 
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kind of scoring or wearing away of the metal about 
the ends. This condition is greatly relieved by the 
use of cast-iron ferrules, fitted as described above and 
as illustrated-in Figs. 71 and 72. 

Fire Brick.—A kind of brick made of clay contain- 
ing but a small amount of readily fusible substance. 
It is thus able to stand without injury very great heat 
and is therefore used for building or lining bridge 
walls and baffle plates, or other parts of boiler fur- 
naces where metal cannot be used to good advantage. 
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QUERIES AND ANSWERS. 

(Communications intended for this department will not receive at- 

tention unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

The communications of C. J. Enger and of G. V., in 
regard to matters referred to in this department, are 
acknowledged. For want of space they are held over 
for future publication.—Ep1Tor. 

Q.—Having an interest in a small steamer, fitted 
with compound engines 17 in. and 28 in. by 27 in., 
Scotch boiler, two furnaces, 32 sq. ft. grate surface, 
boiler fed direct by pump worked by main engine, no 
grease filter and feed tank fitted, the information I 
wish is as follows: Would you restrict all internal 
lubrication, considering sufficient that entering from 
valve and piston rod lubrication? If so, granting 
them in fair condition, how frequently in intervals of 
time should they be slushed with oil? With an occa- 
sional use of the surface blow, say a little every hour, 
do you think the boiler could be kept free from in- 
jury? Would you consider the use of soda the better 
method? If so, about what quantity and how often 
would it be necessary to introduce it? Need there be 
any apprehension of dangerous deposits on fire sur- 
faces from oil? Should I wait until litmus paper 
test showed water becoming acid, then introduce soda 
sufficient to neutralize? Would this method be apt to 
cause boiler to foam? R. 

A.—It is impossible to give detailed directions at long range 

for the oiling of an engine. In general, more oil is used than 

is necessary, but in restricting the quantity the engineer 

must be guided wholly by the circumstances of the case. 

The boiler can doubtless be kept reasonably free from oil by 

an occasional use of the surface blow as you suggest. You 

will not forget, however, that this means a waste of heat and 

that in time you will blow away the cost of an oil filter. 

With regard to the use of soda, this should not be necessary 

unless the water is distinctly acid, and such a condition should 

not result from the presence of pure mineral oil alone. The 

presence of acid in the boiler means usually either an impure 

oil or the presence of organic or sewage matter, or a decom- 

position of the salt in sea water, due to chemical reactions 

with the other substances present, and the formation of hydro- 

chloric acid. In any case the litmus paper test may be recom: 

mended as a guide for the amount of soda and frequency of 

use. Instead of the use of soda to counteract the acidity of 

the water, the use of zine slabs hung in the boiler is rather to 

be recommended. These are attacked by the acid as formed, 

which is thus neutralized without special attention other than 

the renewal of the slabs as may be necessary. 

If the surface blow is properly used there need be little fear 

of dangerous deposits on the surfaces of the boiler within a 

reasonable time, though of course it is by all means better to 

keep the oil out of the boiler by reducing the amount used 

and by fitting a good oil filter. In any event, however, the 

boiler should be opened and examined at frequent intervals, in 

order to make sure that everything is in good condition. 

Foaming is often due to very obscure causes. The cautious 

use of soda should not in itself produce this condition. As 

stated here, however, zinc slabs rather than soda are to be 

preferred for controlling the acidity of the water, and long ex- 

perience shows that they may be used freely without danger 

of causing foaming. 

Q.—How are marine engines lined up with main 

shaft so as to have the plane of revolution of crank at 

right angles to center line of main shaft, and yet get 

piston, crosshead, and air, force and circulator pumps 

in line (when these latter are connected to main cross- 

head)? Also how is the center line of main shaft ob- 

tained in a ship, the stuffing box hole of which is in 

the ship? Is the line of the engine laid out with a 

transit or located from the sides of the ship? 
de Uke 12% 

A.—Every first-class shipbuilding concern has in its possession 

an accurate table of figures showing the amount of sag in a 

fine steel wire of a certain size and stretched to a certain ten- 

sion, and for certain lengths of the same. In lining up shafting 
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and locating the centers of bearings in a new job, this wire is 

stretched. It is fastened at one end and passes over a small 

pulley at the other end, with a certain amount of weight at- 

tached so that the tension is constant. In lining up an engine 

so that the plane of revolution of the crank is parallel to the cen- 

ter line of the cylinder, as well as the motion of the piston and 

crosshead, the accuracy attained simply depends upon the care 

with which the parts are machined in the shops. The gaps in 

the bed plates that receive the main bearing boxes are planed 

out so that they are all in line. If the bed plate is in one piece 

they are all planed in one cut, and if the bed plate is in sec- 

tions, the flanges of the section are planed perpendicular to the © 

bearings, and are then bolted together so that the gaps are in 

line, and this can easily be done by trying the sides of the gaps 

with straightedges. The places where the feet of the columns 

rest on the bed plate are planed at the same time. If the feet of 

the columns and also of the cylinders are planed true the cylin- 

der will come in place accurately, and if a wire is stretched 

through the center of the cylinder and set perpendicular to the 

gaps in the bed plate at a point representing the center of crank 

pin box, the bore of the cylinder can be located. 

In setting up the attached feed pumps and circulating and 

bilge pumps many different devices can be used, depending on 

their kind and location. If they are seated on the main engine 

bed plate, their seating will probably be planed at the same 

time that the main bearing gaps were planed, and if the pump 

bases were faced at the same time that they were bored they 

will set perpendicular to the bed plate and consequently parallel 

with the center of cylinder, and the fore and aft position can 

be located by means of a steel square from the gaps in the 

bed plate and the steel wire. 

The center of the line shaft is located by means of the wire 

as first described. If the center of the stern tube at the stern 

post is located, the wire is fastened there and run forward and 

set central by means of a line run down in the middle, between 

the frames, to the keel. In twin screw ships the position of the 

centers at the after bearings is determined by measuring from 

the center of the stern post out to each, and also squaring off 

the stern post so that the two centers are at the same level 

above the keel. On the stocks the latter operation can be done 

with a level. The two lines are set equidistant from the center 

of the keel at the forward end. Many other lines and measure- 

ments are run to check these, as there may be slight variations 

in the structure. In most cases the shafts are not longitudinal 

to the keel, but incline downward on going forward, so that the 

engine sets low in the vessel and the shafts at the stern are high 

enough to swing the proper size of propellor above the level of 

the keel. In large twin screw jobs the shafts incline forward the 

same as just explained, and also toward the center, so that the 

engines can be close to each other and allow the propellers to 

swing without overlapping. Such positions require considerable 

care to get them accurately located. We know of no work treat- 

ing of the subject. 

Q.—Please publish a rule by which I can find the 
pressure on a thrust block of engines of a known 
horse power. Also, is there any chemical by which 
minerals can be separated from the vegetables in oil? 
Will the acid separate or saponify the vegetable mat- 
ter? Also please state what the pay will be of a 
“warrant machinist” in the Navy under the new law, 
and where the examinations take place? TEXAS. 

A.—To find the pressure on a thrust block the following rule 

may be employed: 

Rule: Multiply the I. H. P. by 22,000 and divide by 101.3 times 

the speed of the ship in knots. The result is the thrust in 

pounds. 

Thus, if I. H. P. = 1,000 and speed = 10 knots, then: 

Thrust in pounds (22,000 1,000) =~ (101.8 x 10) 

21,710 1b. 

: 9.69 tons. 

Regarding the oil, if you wish to know a way for separating 

vegetable oil from mineral oil, the method most suitable for 

ready use is to boil up the oil with caustic soda or potash— 

the caustic lye used for cleaning will answer. This will 

saponify the vegetable oil and leave the mineral oil behind, so 

that it may be readily separated. Diluted acid will also 

saponify vegetable oil, but its use is attended with more prac- 

tical difficulties than that of caustic soda or potash. 

Neither of these methods would answer, of course, if it were 

desired to save the vegetable oil. In such case the resources 

I at Ul 
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of a chemical laboratory would have to be called into service. 

The pay of a ‘‘warrant machinist’’ will be $100 per month at 

the start, together with a ration of 30 cents per day, making 

an equivalent of about $109 per month. With length of service 

the amount rises from $100 per month at the start to $150 per 

month after 12 years’ service. So far as known, the dates and 

locations of the examinations have not yet been announced. 

Q.—Please explain the method of lining the crank 
shaft of a small vertical cylinder center-crank marine 
engine, with 9 in. by 10 in. cylinder. Also the way to 
tell when the connecting rod is hung fair. 

Nova Scortia. 

A.—In constructing the type of engine you mention it is usual 

to plane the bottoms of the gaps in the bed plate that hold the 

main bearing boxes, so that they are true with the center line 

of the cylinder. It is consequently a simple matter to adjust the 

boxes so that they will have the same thicknesses at the bottom, 

or that the distance from the center of the shaft to the bottom 

of the gap shall be the same on both sides of the crank. In 

large jobs the tops of the gaps are also planed true and when 

the engine is building a gauge is made consisting of a steel 

straight edge with a tooth in the middle. By removing the top 

bearing and laying the straight edge across the gap the tooth 

should just touch the shaft. By means of such a gauge the 

bearing can be lined up to its original position at any time if it 

is worn down. If you doubt the accuracy of the boxes of your 

engine, then you will have to remove the crank shaft, top 

cover, piston and rods, and stretch a wire through the cylinder, 

being careful to get it central by measuring from such parts of 

the cylinder as are not worn, as, for instance, the counterbore 

at the top or the stuffing box below. See that the wire is taut, 

and then you can work from this as a center line,using a steel 

square or straight edge. To find out if the connecting rod is 

hung fair, disconect the crank pin box or big end, support the 

crosshead so that the foot of the connecting rod may be swung 

from side to side, and then caliper the distance between the foot 

of the rod and the face of the crank cheeks. Turn the crank 

shaft in different positions and caliper as described, then if the 

measurements agree for all positions the connecting rod is hung 

fair. 

Q.—Please give me a formula for finding the diame- 
ter of boat davits when the weight of boat and the 
shape of the davits are given. The davits I want ta 
figure on are for a boat 5,000 Ib. weight. Ss. 

A.—Where the overhang of the davit is to be several times 

the diameter, the following formula may be used: 

d=22 ae U 

@ = overhang of davit. 

w# = load for one davit. 

p = safe stress per square inch, which may be taken about 

7,000 for iron and 10,000 for steel. 

According to this formula, one of a pair of davits for a 5,000 

Ib. boat, @ being from 24 to 30 in., would have a diameter ot 

from 4 to 43-4 in., according to the material used. 

Q.—Please publish a description of different meth- 
ods of riveting and their relative efficiency. Also the 
U. S. rule for calculating the pressure on bumped 
heads of boilers. J. M. 

A.—There will soon appear in the educational department of 

MARINE ENGINEERING full descriptions and rules for the 

various forms of riveted joints. See also pages 27 to 32 of this 

issue, 

The U. S. rule for bumped heads is as follows: 

“Pressure Allowed on Bumped Heads.—Multiply the thick- 

ness of the plate by one-sixth of the tensile strength and di- 

vide by one-half of the radius to which head is bumped, which 

will give the pressure per square inch of steam allowed.”’ 

Q.—Can you give me a value of z beyond the 
customary five places of decimals? To what extent has 
it been worked out accurately? Loa. 

A.—The value of 7 (or ratio of diameter to circumference) is 

given to thirty-two places by Molesworth as: 

mW = 3.14159265858979323846264338327950 -++ 

If we are not mistaken an English mathematician worked this 

out to 600-odd places about thirty years ago, and the story is 

that one of the most eminent mathematicians of that time 

started in to check the figures, but after finding no inaccuracy 

as far as 400 places he got discouraged and quit. 
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Vol. VI of the Transactions of the Society of Naval 
Architects and Marine Engineers has been issued 

from the office of the Society, 12 West Thirty-first 
street, New York. This contains the full text of the 
papers read before the 1898 meeting of the Society, 
held last November, together with a complete report of 
the discussions which took place at the meeting, and 
those which were in the shape of written communica- 
tions. There is an especial interest in this volume in 

that it gives an account of the meeting held during 
the war year, and which consequently was the occa- 
sion for much statement of fact and comment in con- 
nection with the operations of our Navy. Aside from 
the value of the text, the volume would be indispen- 
sable for the sake of the plates, containing working 
drawings and valuable photographs which occupy 
fully one-half of the volume. Those contributed by 
Chief Constructor Philip Hichborn, U. S. N., covering 
a great range of vessels from a practice sailing ship 
through a great variety of competitive designs for tor- 

pedo boats and destroyers to first-class battleships, 
are of the greatest practical and scientific value, a 
splendid contribution to the literature on these sub- 
jects. Another invaluable series of drawings is that 
which accompanies the paper on small boats, by Ar- 
thur B. Cassidy, U.S. N. The fine professional spirit 
which gives out these experiences for the benefit of all 
engaged in such work is a feature which fitly indi- 
eates the aims of the Society. This volume is of the 
very highest interest and value and is indispensable 
to the practising naval architect and engineer. It is 
sold at the low subscription price of $10.00. 

TRADE PUBLICATIONS. 

The Boston Belting Co., 256 Devonshire street, 
Boston, Mass., is sending out to all its friends a pri- 
vate postal card illustrating the fact that antiquated 
outfits in rubber goods must go. The picture repre- 

sents a small child driving a hobo before him with a 

stream of water from hose. 
The 1899 catalogue of the Marine Iron Works, 

Station A, Chicago, Ill., is just received. It is very 
fully ilustrated, containing pictures of the different 
types of simple engines manufactured by this com- 
pany, the illustrations being full page in size, so as 
to give much detail. Equal information is given re- 

garding compounds, both steeple and fore and aft, to- 
gether with a great deal of other information regard- 
ing special features of steamboats and vessels. A 

fine picture is shown of a triple cylinder and also of 
a stern paddle wheel engine of modern type. There 
is also much information regarding different types of 
boilers, both vertical, horizontal, Scotch, etc., which 
this company makes, and a full line of propeller 
wheels and all other kinds of steamboat machinery. 
Any of our readers interested in steamers of any 
kind, from a small launch to large river boats or fine 

steam yachts, will want a copy of this catalogue for 
permanent reference. 
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TOOLS. 

Fine Gear 

Mechanical and Milling 
Tools Cutters 

N. Y. Office 

126_Liberty Street 
112 Page 

Catalogue Free 

THE L. S. Starrett Co., Box 99, Athol, Mass. 
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¢ REDUCING VALVES 
to control or reduce steam, 
water or air pressures. 

“MASON” 
Valves have had a world- 
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Graphite 

Lubrication 
There is no substance known so smooth or 

so enduring as Dixon’s Pure Flake Graphite. 

It is the best solid natural lubricant ever dis- 

covered. It is not affected by heat or cold, 
acids or alkalies. It is absolutely indispens- 

able to every marine, stationary or locomotive 
engineer. 

Largely increases the lubricating value of 
all oils or greases. 

Will cool bearings and stop ‘‘ groaning” or 

squeaking when all other lubricants fail. 

It will pay you to send for Sample 

and Pamphlet. No charge. 

JOSEPH Dixon CRUCIBLE Co., Jersey City, N.J. 

THE ONLY — 
4-TONE SINGLE BELL CHIME WHISTLE. 
THE ONLY are eWHTSTLE WITH AD- 

JUSTABLE BE 
PRODUCES 4 ONES ‘PITCHED TO A MUSI- 

CAN BE HEARD AT A GREATER DISTANCE 
THAN A SINGLE-TONE 
WHISTLE. 

EXTRA HEAVY FOR HIGH 
PRESSURE MARINE 
BOILERS. 

SPECIAL ATR CHIME WHISTLES FOR 
NAPHTHA LAUNCHES, 

KINSLEY MFG. CO., 
Sole Manufacturers, 

Bridgeport, ~ Conn. 
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“Learn to Draw” and “Can You Read a Drawing?” 

are the titles to two folders issued by the Interna- 
tional Correspondence Schools, Box 1111, Scranton, 
Pa. The subject of drawing is one which will inter- 
est our readers, and many will undoubtedly want to 
send for copies of these pamphlets. 
A catalogue regarding the projector search lights 

manufactured by Thomas P. Benton & Son, La Crosse, 
Wis., is now ready for distribution. The catalogue 
contains a detailed description of the lights, giving 

the manner of their construction and the various 
kinds, showing their adaptability to vessels of any 
type, from a small river boat to a large steamer. 

Sturtevant electric fans are illustrated fully in a 
four page folder, Bulletin M, issued for the month of 
April. The illustrations are of large size and are 

exceptionally fine, bringing out all the details of the 
motors used. These electric fans are made from one- 
sixth horse power up to twenty horse power and are 

particularly adapted to steamship work. 
Seamless cold drawn steel boiler tubes as manu- 

factured by the Shelby Tube Co. are fully described 
in an eighteen page catalogue. Considering the 

steady increase of high pressures and the importance 

of seamless tubing, all of our readers will want a 

copy of this catalogue, which is not an ordinary trade 

affair, but written in such a way as to give much 
valuable information. Considerable attention is 
given to the manner in which tubes are manufac- 

tured, and much other interesting and valuable infor- 
mation is given. Seamless tubing, as the, catalogue 

states, has met the approval of and is preferred to all 
others by the British Admiralty, while the United 
States Navy has nearly all of the torpedo-boat boilers 
fitted with seamless cold drawn steel tubing, and the 
specifications have been revised so as to admit of its 
use in boilers of the Scotch type. A considerable ex- 
tract is given on page 12 of the catalogue of the speci- 
fications and inspection of such tubing for use in the 
Navy. Copies can be had by applying to the Shelby 
Tube Co., Cleveland, Ohio. 

BUSINESS NOTES. 

GARLOCK PACKING.—The Garlock Packing Co. calls 
attention to the packing of its manufacture, which it 
claims to be of only one grade and that the best. This 
company makes packing for any use where soft pack- 
ing can be applied, and makes a specialty of supplying 
packing for special uses. The head office of the com- 

pany is in Palmyra, N. Y., with sales offices in all the 

leading cities. 
BRASS AND Copper Goops.—The U. T. Hungerford 

Brass & Copper Co., 121 Worth street, New York, has 
recently added a large warehouse and shipping de- 
partment, and is now in shape to fill orders promptly 
for seamless brass and copper tubing, brazed tubing, 
sheet and bolt copper, rivets, tacks and nails, and a 
full line of other articles made of either of these 
metals. 

WA LWO R “EF H M F G ¢ C O, y 3424 OLIVER STREET, BOSTON. 

seatyot BRASS VALVES 
and Fittings for 

MARINE 
CONSTRUCTION 

Extra Heavy Valves, Vent Pipe and Fittings for High Pressure Work. 

SOLE MANUFACTURERS OF 

WAIN SHO INTs JIMS ls WOiINras 
Which does not Weep under heavy pressure. 

SEND FOR CATALOGUE. Prices and Terms on Application. 



54 MARINE ENGINEERING. 

THE JOSEPH Dixon Co.—The annual meeting of the 
stockholders of the Joseph Dixon Crucible Co., Jersey 
City, N. J., was held last month and all the officers 
were re-elected. The report to the stockholders 
shows one of the most satisfactory years of business 

in the history of the company, particularly in the 
demand for graphite paint for protection against the 
elements. 

Tin PLATE.—In the many uses for which tin plate 
is necessary the matter of quality plays an important 
part, especially where there is much exposure to the 
elements. Special attention is given to this subject 
by Merchant & Co., 517 Arch street, Philadelphia, Pa., 
who claim to carry only those plates which are 
heavily coated and which are of a quality to with- 
stand the greatest amount of exposure. This com- 
pany has made a specialty of these plates for a great 
many years and has recently filled an order for sey- 
eral carloads for shipment to the southern states. 

DRAUGHTSMEN’S SUPPLIES.—Our readers will be in: 
terested in the advertisement of the Keuffel & Esser 
Co., 127 Fulton street, New York, which furnishes 
everything required for drawing and measuring. 
This company is one of the recognized leaders in the 
country in this line of business and the standard of 
quality of its goods is well known. Practically every- 
thing sold by this company is either manufactured in 
its Own shops or absolutely controlled by them, and 
quality is guaranteed. A very complete and thor- 
oughly illustrated catalogue of over 400 pages is sent 
free of charge to all inquirers who hold positions in 
which drawing or measuring instruments are used. 

Fire PRorecTION.—A new form of fire extinguisher 
has been perfected by the Deming Co., of Salem, Ohio, 
for use in offices, shops, warehouses, and on yachts or 
steamboats. It consists of a readily portable bucket 
with pump, hose and nozzle attached. The nozzle is 

arranged so that it will give a spray or solid stream, 
and in the former case it is useful for cleaning win- 
dows and woodwork of all sorts. When the bucket is 
filled the pump is ready for instant use, and an ad- 
vantage is that its condition can be seen at a glance 

and the apparatus thus kept constantly filled and 
ready for any emergency. 
PNEUMATIC TooL INTERESTS CONSOLIDATED.—One of 

the most important and interesting events in pneu- 
matic tool matters of late was the purchase on April 
6, by the National Pneumatic Tool Company, of Phila- 
delphia, Pa., from the American Pneumatic Tool Com- 
pany, of New York, of the sole and exclusive right to 
manufacture pneumatic chipping, caulking and rivet- 
ing hammers under all patents owned by the latter 
company, which was the first concern to place this 
class of tool on the market. The American Pneu- 
matic Tool Company has brought a number of suits 
for infringement of its patents on both valve and 
valveless hammers, and the United States Court of 
Appeals for New York has decided in its favor. It is 
said to be the intention of the company to bring addi- 
tional suits for infringement against users of ham- 
mers not manufactured by the National Pneumatic 
Tool Company. 
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TWO PAINTS IN MARINE PAINTING. 

The kind of paint used on a ship’s hull and its effect 
upon marine growths are important considerations, bear- 
ing upon the ship’s speed and thus, directly, upon its 
earning capacity. 

That paint which presents the smoothest surface, 
least retards the motion of the ship through the water 
and affords the poorest lodgment for marine growths. 

Of all the oil paints there is but one which retains its 
gloss and its smooth surface in the presence of salt water, 
and that is Zinc White. Red Lead (the old favorite), 
has but little gloss when first applied and quickly decays, 
but if the red lead be combined with a fair proportion of 
Zinc White, the coating obtained is smooth and glossy 
and remains so. Any other marine paint is similarly 
improved by the addition of Zinc White. 

For ships’ interiors, it is generally recognized that no 
other pigment will hold its color. Zinc White is an 
essential constituent of all marine paints, whether for 
interior or exterior use. 

THE NEW JERSEY ZINC COMPANY, 

52 Wall Street, New York City. 
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FEED WATER HEATER 

AND PURIFIER. 

In use on over 40 steamers on the 
lakes. Under various steam pressures 
up to 250 pounds. Send for Catalogue. 

ROBERT LEARMONTH, 

200 Lafayette Ave., 

Buffalo, N, Y. 

STANDARD 
PORTABLE 

DIRECT READING 

VOLTMETERS, AMMETERS, MILLIVOLTMETERS, VOLTAMME- 
TERS, MILLIAMMETERS, OHMMETERS, PORTABLE 

GALVANOMETERS, GROUND DETECTORS 
AND CIRCUIT TESTERS. 

Our Portable Intruments are recognized as THE STANDARD the world 
Our VOLTIMETERS and AIPMETERS are unsurpassed in 

point of extreme accuracv and lowest consumption of energy. 

Pee aie WESTON ELECTRICAL INSTRUMENT CO., 
1t4-120 William St., NEWARK, N. J., U.S. A. 
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HAVE YOU TRIED IT? 
EUR EKA Y)) “any Engineers say it wears 

aaa fully 3 times longer than any 
other, and keeps the rod in splendid order. It you use a 
flexible PACKING, it will pay you to try EUREKA. We are 

: sending out a tony photo on 8x10 
cardboard for one 2 ct. stamp. 

SEND FOR ONE. 

INDICATORS. Push your- 
self ahead by owning one. 

We will make price meet your 

views. 

SEND FOR CIRCULAR. 

Jas. L. Robertson & Sons 
218 Fulton St., NEW YORK. 

{ BOSTON 
Branches ) py i,ADELPHIA 

DETROIT. BOSTON. NEW YORK. 

& [lig. Co., 

Westinghouse Electric 

PITTSBURG, PA. 
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FINE NEw York Store.—Owing to the great increase 
to its eastern business the Q. & C. Co. has moved into 
a large store at 106 Liberty street, New York, giving 
much better facilities than have heretofore been af- 
forded for handling pneumatic tools, metal saws and 
other tools and machines which are specialties of this 
company. 

Batpt ANcCHORS.—We are informed by the Baldt 
Anchor Co., Chester, Pa., that with the large facilities 
at hand for manufacturing it now carries a large num- 
ber of anchors in stock and can fill orders without any 
delay. 

DECISION REGARDING MAGNETIC BLow-ouT. — The 
Thomson-Houston Hlectric Co. endeavored to enjoin 
the Bullock Electric Co. from using a magnetic blow- 

out with controllers, claiming that the Bullock com- 
pany infringed Letters Patent Nos. 283,167 and 401,085; 
but Judge E. H. Lacombe, on March 6, after hearing 
the arguments in the case, refused to grant this in- 
junction. 

REFRIGERATING MACHINERY 
FOR MARINE SERVICE. 

We make a specialty of contracting to furnish everything that is necessary for 

complete refrigeration and ice-making plants. 

equalled. We also build steam and gas engines and mechanical draft apparatus. 

WESTINGHOUSE 
PITTSBURG. 

Our belt driven compressor is un= 

\ MACHINE CO. . . Manufacturers. 
CHURCH, KERR & CO. . Engineers. 

PHILADELPHIA. CHICAGO. 

and all Foreign Countries. 

GENERATORS 
MOTORS 
SWITCHBOARDS 
COMPLETE PLANTS 

And all Principal Cities in U. S. and Canada. 

Westinghouse Electric Co., Ltd. 

32 Victoria St., London, S.W. England. | 
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FIREPROOF Woop.—The American Wood Fireproofing 
Co., 11 Broadway, New York, is building large works 
at Newark, N. J., and will soon be in position to fill all 
kinds of orders for fireproofing timber and lumber for 
all purposes used in marine work. This company will 
either do the fireproofing itself or sell the rights for 
others to do it under royalty. 
Howpen Hor Drarr.—The two freight steamers 

which the Detroit Dry Dock Co. is about to build will 
be duplicates, 440 ft. over all. Each vessel will have 
two Scotch boilers. These two steamers, as well as 
the package freighter building at the yard of the 
Union Dry Dock Co., Buffalo, for the Western Transit 
Co., will be fitted with the Howden system of hot draft. 
Brown Horists.—The Brown Hoisting and Convey- 

ing Machine Co., Cleveland, O., has been awarded a 
contract from the Navy Department for coal-handling 
machinery for the coaling station at Mare Island Navy 
Yard, California, which is the sixth coaling station for 
the United States Navy to be equipped with machinery 
of this company’s manufacture, and constitutes all the 
stations so far awarded. The company has also se- 
cured the contract for a 100-ton steel floating crane, 
weighing over 1,000 tons, for the New York Navy Yard. 

INCREASED FACILITIES FOR MACHINE BUILDING.— 
Owing to the great demand for tools for shipyards, 
boiler shops, etc., the Hilles & Jones Co., Wilmington, 
Del., has begun work on a new steel frame addition to 
its plant, 80 by 150 ft. This shop will be fitted up in 

the most modern style. 

(HE BEST.... 

CAPS, 
EMBLEMS, 
UNIFORMS. 
WARNOCK 

New York, 

19 & 21 W. 3ist St. 
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SPECIAL NOTICES. 
Announcements under this heading will be inserted at the uni- 

form rate of thirty-three-and-a-third cents a line. Lines average 
ten words each. 

FOR SALE. 

Two new Scotch Boilers 12 ft. 6” diameter, 12 ft. long, with 3-40” 
corrugated furnaces, built under Marine Inspection Laws for 130 Ibs. 
pressure. Specifications and blue prints furnished on application. 

CAMPBELL & ZELL COMPANY, 
Manfrs. ZELL IMPROVED WATER TUBE BOILER, Balto., Md. 

Five-horse Water Tube Boiler, my patent, for sale. Suitable 

for inland waters only, all steel plate and tubes, no bricks or 

castings. 175 pound steam pressure carried. Weight only 450 

lbs. for 35 sq. ft. h-s. Will drive 4” x 4” simple engine 450 revs. per 

minute. Stands in 30 inches square. Entirely new. 

EGBERT P. WATSON, Elizabeth, N. J. 

A Technical 

School for 

Mechanics 

Chartered by the 

Commonwealth of 

Massachusetts 

G; i 

Special CR, D 

Club Rates 

For May 

On Application, 

American School 
of Correspondence, 

Boston, Mass., U.S.A. 

WPUCCCWCUUTUWUVWUVWUVWVEVWVUVVVVUVVVVGB 

NEW “COLD” PROCESS OF GALVANIZING. 
In use for more than two years with best and absolutely satisfactory results. Articles that cannot be galvanized by any other 

process, such as screws, nuts, cutting instruments, tools of eve 
vanized in a superior manner by this process. 

: description, springs, locks, artistic metal articles, can be gal- 
The multitude of articles that can be galvanized is without limit. Uniformly smooth $ 

surface is preserved, thickness of coating can be regulated, saving of spelter about 80 per cent., besides many other advantages. 
We grant licenses for territory, also shop rights on royalty basts. GALVANIZING DONE AT OUR PLANT, 9-11 Franklin St. 

U.S. ELECTRO GALVANIZINCG CO., 348 Broadway, New York. 
CPUUCRWUCUUUUUVUUVVUUUVWUUUVUUAY PUCCCCUCUCWUUUUUUVUVUVUVUUUVUUVVD 

ALCO POLISH 
W. W. CALLERY & CO., 
36th and Butler Sts., PITTSBURGH, PA., U. S. A. 

Hot Metal, Cold Brass,: Copper, Nickel, Silver, Iron and Steel Polish. WINTERTON METAL POLIS 
IMPERIAL METAL POLISH. 
[MPERIAL MADE BY 

IMIETAL THE RATH 
POLISH. 

MANUFACTURING CO. 
New York—Philadelphia. 

18 and 20 Liberty Street, 

NEW YORK CITY. 

EASILY APPLIED. 

FRADIANT IN LUSTRE. 

INSTANTANEOUS iN ACTION. 

ALL METALS, HOT OR COLD. Hancock, Laurel & Second Sts., 

LIQUID OR PASTE. | PHILA., PA. 

NEW YORK OFFICE : 

WILLIAM E. BURTON, [lanager. 

EXPORT DEP’T. 
FREDERICK W. KRISTELLER. 

IMPERIAL. Remember the name 

Expressly for Steamships, Yachts, Launches, Etc. Polishes all Metas 
Work and Silver. Is quick, brilliant and lasting. Contains 

nothing injurious. Manufactured by 
MARINE VAPOR ENGINE 00., Jersey City, N. J., U. 8. A. 

Sole 
Manufacturers 

NONOLT 1S 
IMPROVED 
METAL POLISH 

The best article ever produced for use 
on Steamships and by all Engineers. 

WILL NOT MELT OR EVAPORATE. 
Is not affected by any climate. Bright finish 
and lasting lustre. Send 10 cts. for sample 
package, equal to 1 pint of liquid polish. 

THE AQROLITE CO., 
PITTSBURG, PA. 
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TORPEDO-BOAT DESTROYER FARRAGUT— 
FASTEST VESSEL IN THE NAVY. 

Our frontispiece shows U. 8S. S. Farragut, the first 

American torpedo-boat destroyer, complete, equipped 

and ready for sea. This fine boat, which is the fastest 

in our Navy, was recently tried and accepted by the 

vessel was laid July 26th, 1897. She was launched 

July 16th, 1898, and delivered to the Government De- 

cember 31st last. Her dimensions are: Length, 214 

ft. over all; beam, 20 ft.; draught, 5 ft. 7 in.; and trial 

displacement, 240 tons. 

She is fitted with twin screw engines of the four 

eylinder, four crank, triple expansion type, with cyl- 

U. S. S. FARRAGUT GETTING UNDER WAY AND STEAMING FULL SPEED ON TRIAL. 

Government on the Pacific Coast, she having been 

built by the Union Iron Works. The contract for this 

boat was signed October 5th, 1896, and the keel of the 

inders 20 in., 29in.,and two 380 in.dia. and 18 in. stroke. 

The air pumps are driven direct from the crank shafts 

by an extension at the forward end of each. The en- 

(Copyright, 1899, by Aldrich & Donaldson, New York.) 
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gines are of course designed with a view to getting 

the maximum power on the minimum weight. Hol- 

low forgings are extensively used, including the crank 

shafts, eachof whichis in one piece with the eccentrics 

forged on. Very complete arrangements for oiling are 

provided, including centrifugal oilers for the crank 

pins, and large tubes down the sides of the connecting 

rods. The main condenser has a copper shell and is 

placed between the engines with scoops at both ends 

connected with openings in the bottom, through which 

the circulating water is forced by the motion of the 

vessel when steaming. A small circulating pump in 

the form of a two-bladed propeller is placed in the 

after scoop to start the circulation when the de- 

stroyer is starting out or lying at anchor. The boilers 

are three in number, of the Thornycroft type, each 

rated at 2,000 horse power with 240 pounds pressure. 

The Farragut also carries a distilling plant in the en- 

gine room. 

The propellers are three-bladed, of solid bronze, and 

are carried by forged steel struts far below the keel 

line, the vessel being cut away tremendously aft, as 

shown in the outline drawings. They are 6 ft. 9 in, 

dia. and 8 ft. 9 in. pitch, and they turn up 420 revo- 

lutions when the boat is going full speed. 

In the shape of armament she is fitted with three 

6-pound rapid-fire guns, two 15 in. torpedo tubes. 

There is a small conning tower forward and another 

aft. Six torpedoes are carried stowed away forward 

under the turtle back. 

On trial the Farragut showed an average rate of 

speed of 30.6 knots. The contract price for the hull 

and machinery was $227,500. 

Published designs of the new royal yacht Victoria 

and Albert for Queen Victoria show an antiquated 

looking vessel, following very closely in general ap- 

pearance the present side wheel vessel of the same 

name. The new vessel was launched at Pembroke 

Dock Yard, May 9, by the Duchess of York. She was 

designed by Sir William White, Chief Constructor of 

the British Navy, with the view of being used exclu- 

Sively as a yacht; so that the vessel will not be a com- 

bination of warship and pleasure craft, as is the case 

with yachts of other monarchs. Considered there- 

fore as a yacht pure and simple she is the largest ves- 

sel of this type afloat. Her dimensions are: Length, 

420 ft.; between perpendiculars, 380 ft.; beam, 50 ft., 

and displacement 4,700 tons on 18 ft. draught of 

water. It was undoubtedly the: wish of her royal 

owner that the new vessel should be designed so as 

to closely resemble the present Victoria and Albert, 

for in other respects the new vessel is strictly up-to- 

date. She will be fitted with Belleville water-tube 

boilers, and two sets of four-cylinder, triple-expan- 

sion engines of 11,000 collective horse powér, driving 

twin screws. Her sea speed will be about 17 knots, 

but she will be capable of spurts of 20 knots. She 

will be sheathed and coppered, but will carry neither 

armor nor armament, except possibly a couple of 

small guns for saluting purposes. She will have high 

sides with large square ports running her entire 

length fore and aft; a clipper bow, and overhung stern, 

and two smoke pipes with bellmouth tops. 
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TWIN-SCREW ENGINES OF THE TORPEDO BOAT DESTROYER FARRAGUT—AFTER ENDS. 

THORNYCROFT BOILERS UNDER CONSTRUCTION FOR U.S. S FARRAGUT. 
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SHIPBUILDING AND SHIPPING CONDITIONS 

OF THE UNITED STATES.—PAST, 

PRESENT AND FUTURE. 

BY GEO. R. M DERMOTT N.A. 

From time to time the writer’s opinions have been 

sought as to the prospects of the shipbuilding and 

shipping interests generally of the United States. In 

view of recent events connected with our late con- 

flict with Spain, resulting in the acquisition of new 

territories, the development of whose resources ren- 

der necessary large additions to our mereantile ma- 

rine, the presentment of a few facts connected with 

the shipbuilding and shipping affairs of the country 

may prove of interest and possibly serve a useful pur- 

pose in determining capitalists and others to lend 

their aid toward the resuscitation and upbuilding of 

a mercantile marine, too long neglected, that was 

onee the nation’s pride. 

Before investing money in any industry the capi- 

talist is naturally anxious to obtain the fullest in- 

June, 1899. 

eur at almost regular intervals in all industries, and, 

owing to the vicissitudes through which American 

shipping interests have passed, such a mode of pro- 

.cedure is of paramount importance. 

Shipbuilding and shipowning interests are inter- 

dependent, and, although we are, here, primarily in- 

terested in the former, our investigations must extend 

to both fields, as the fate of one depends upon the 

condition of the other. Preceding, however, to our in- 

quiries: An exposition of the facts is shown geograph- 

ically in the accompanying diagrams, which have been 

prepared fromvarious governmentaland other reliable 

statistics, showing in concise form the history of 

American Shipping. Diagram A shows the tonnage 

of American shipping engaged in foreign trade dur- 

ing the period 1797-1898. From this we learn that in 

1797 about 600,000 tons were engaged; this increased 

year by year up to 1810, when 981,000 were so em- 

ployed. About this time, however, strained relations 

with Britain—culminating in the year 1812—had the 

effect of reducing slightly the amount of our foreign 

trade, dropping, as shown by average curve, to be- 
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DIAGRAM A. 

formation regarding the conditions which affect that 

particular industry, the chief consideration being as 

to whether the present is the most favorable time for 

investment. 

In shipbuilding, as in other established branches of 

trade and commerce, an intelligent study of the 

progress of the industry in the past—noting 

at the same time the various causes for the 

rise and fall in the general tendency towards 

full development—is the surest guide to the financier 

in determining the soundness and probable fate 

of any scheme which may be _ placed before 

him. In investigatiens of this kind it is de- 

sirable to extend inquiries as far back as possible, so 

as to obtain correct ideas of the general trend of prog- 

ress aS apart from the periodie fluctuations which oc- 

tween 600,000 and 700,000 tons; this average being 

maintained generally until about 1882, when we find 

an upward tendency at an annually increasing rate 

to 1861, when it amounted to 2 1-2 million tons. This 

rapid rise was probably due, to a large extent, to the 

fact that during this period Hurope was engaged in 

almost continual warfare, one country with another. 

In 1861, however, came the civil war, and the wealth 

and spirit of the country and its patriotic sons were 

all centered in that unfortunate episode in the na- 

tion’s life. Privateers, fitted out by Southerners, 

tacitly supported by the British, harassed and crip- 

pled our Merchant Marine to such an extent that 

these persons engaged in shipping had neither the 

heart nor the means to continue, and selling out be- 

came general. Although the civil war was the pri- 
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mary cause of the decline of our marine in foreign construction of vessels of iron—knowing as she did 

waters, it may be pointed out that Britain had been of the immense stores of mineral wealth which lay 

quietly engaged in developing her large mineral re- buried in her lap, and which only required a concen- 

AMERICAN TONNAGE SOLD TO FOREIGNERS. 
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sources and employing them in the construction of tration of capital and genius to raise and develop. 

iron vessels which, ertering into competition with But it was not to be, such considerations were thrown 

our wooden vessels, ultimately drove them out of patriotically aside and Britain seized her opportunity 

Per Cent CLEARANCES OF AMERICAN AND FOREIGN TONNAGE AT UNITED STATES AND BRITISH PORTS. 
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business. Had the civil war not occurred it is more and secured the pre-eminent position until then held” 
than probable that this country would not have per- by us as a shipowning and shipbuilding nation. As 
mitted Britain or any otber nation to excel her in the a result our tonnage in foreign trade dwindled down 
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to 725,200 in 1898, a drop of 1,774,800 tons from the 

maximum of 2 1-2 milion tons. 

Diagram B is auxiliary to diagram A. It shows the 

amount of American tonnage sold to foreigners year 

by year during the period 1821-1898. As will be noted 

on inspection the annual sale from 1821 to 1861—on 

an average about 12,000 tons per annum—was not 

greater than might be expected, from an ordinary 

trading and bartering standpoint; but the sales from 

1861 to 1896 tell only too well the story illustrated by 

diagram A. It is interesting to note that if the sales 

of each year from 1861 to 1896 he added together the 

total amounts to 1,550,000 tons, which is within 120,- 

000 tons of the difference of 1,670,000 between the 

maximum and minimum tonnage engaged in foreign 

June, 1899, 

nage at British ports amounted to 66 per cent in 1861; 

from this it dropped rapidly downwards until, in 

1890, it was only 8 per cent, reaching 8 per cent in 

1895. As in diagrams A and B the curves of dia- 

gram C point conclusively to the civil war as being 

' the primary cause of the decline in the foreign trade. 

Turning our attention to the condition of our own 

coasting trade during the same period, diagram D 

shows the tonnage of American shipping in our coast- 

ing trade from 1797 to 1898. Starting at 1797, we 

find 237,500 tons engaged, increasing at a uniformly 

rapid rate to an average of about 800,000 tons in 

1827-1828; here a sudden drop took place, lasting for 

a year or so, when we notice the average assuming 

an upward tendency, once more rising at a phenome- 
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DIAGRAM D,. 

trade, already referred to; the discrepancy of 120,000 

could probably be accounted for by losses from 

collisions, wrecks, ete. - 

Diagram C consists of two sets of curves, one set 

showing the percentage of American and foreign ton- 

nage cleared at American ports, the other set giving 

the percentage of American and British tonnage 

cleared at British ports. These curves show in a com- 

parative manner our position, past and present, in the 

foreign carrying trade; the clearance of American ton- 

nage cleared at American ports being on an average 

about 66 per cent from 1882 to 1861; from 1861 to 

1879 it dropped down to about 22 per cent, and this 

it has maintained as an average, showing a slight rise 

at the present time. The clearance of American ton- 

nally rapid rate (receiving a slight check during the 

period of the civil war) until it reached a maximum of 

3,380,000 tons in 1865. From that year a decline on 

the average will be observed, this being probably due 

to the aftermath of the civil war, emphasized and ex- 

tended by the financial crisis of 1873. Remaining 

stationary around an average of 2 3-4 million tons 

for a year or so, it started, in 1882, to ascend again 

until, in 1898, we find our total coasting tonnage 

amounting to 3,854,000 tons. The crisis of 1893 low- 

ered it a trifle in 1894, but it rose again in 1895 and 

continued on the rise until 1898, when it reached 

3,959,702 tons. 

A study of this diagram will prove that from the 

most remote times the development of our coasting 



June, 1899. MARINE ENGINEERING. 
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marine has been rapid and uniform; even the civil 

war, comparatively speaking, had little effect on its 

growth beyond unsteadying it for ten or twelve years, 

after which it resumed its march of progress and de- 

velopment with full vigor, and it is in this splendid 

condition that we find it at the present day. 

Diagram EF 2 shows the average curves of diagram 

A and D, forming an interesting comparison between 

the progress of two leading sections of our Mercantile 

Marine. 

We have reveiwed the conditions of our Mercantile 

Marine, and have learned that our coasting service is 

on a solid foundation and in a flourishing condition, 

increasing at a greater rate than at any other time 

during the past 100 years, and we know that with 

the enormous development of all branches of indus- 
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writer is decidedly of the opinion that with properly 

organized and efficiently conducted ship and engine 

building concerns we should be able to produce ves- 

sels as cheaply and efficiently as our European rivals 

—we are doing this already in other engineering 

activities; why not then in shipbuilding? As to the 

running expenses of vessels there is no doubt that, in 

order to overcome this obstacle, shipowners must get 

assistance by legislation. A discriminating duty bill 

has been passed, and other schemes for Federal aid 

are under consideration, but while such measures, if 

enacted, may help, something more direct in its action 

and effect must be done. Mail subsidies are all very 

well in their way, but they benefit only a certain class 

of vessel, which, after all, is not the backbone of a 

real commercial marine. Something must be done 

ay 
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try and commerce, which is in progress throughout 

the country, that its future is well secured. 

As to the future of our foreign trading, this is a 

problem involving consideration far too complex to 

admit of full discussion here—the subject is largely 

an experimental one. In the past few years there has_ 

been an awakening of general interest in the matter, 

and various schemes and projects have been evolved 

looking towards its resuscitation. The main question 

is: What are the obstacles that stand in the way of 

its future development? Shipping people answer— 

impossibility of competing with foreign built and 

foreign owned vessels, claiming that vessels are built 

eheaper abroad and that owing to smaller wages and 

rations the foreign vessels .cost less for running ex- 

penses. Are these obstacles insuperable? The 

for the freight steamer to enable it to compete with 

the cheaper run foreigner, and that something, in the 

opinion of the writer, must be in the form of tonnage 

bounties for American built and American owned 

vessels. With the awakened interest in our shipping 

matters that is being shown on all hands at the pres- 

ent day, it is to be hoped that legislation in this di- 

rection will be passed in the near future, and from 

the date of passing such measures the ultimate su- 

premacy of the United States as a maritime com- 

mercial nation will be undoubtedly assured. 

Having in the preceding studied the conditions of 

shipowning, we will now turn our attention to its 

twin sister—shipbuilding—in which as a national in- 

dustry we are primarily interested. 

Diagram H# has been prepared to show the total 
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number of tons built annually in the United States 

from 1796 to 1898, inclusive; following the progress of 

shipbuilding, as indicated by the average line, we 

note a steady increase right along the march of years 

from 1797 up to about 1863 or 1864. From this point 

on there is just as rapid a decline until 1886, when 

the curve ceases to d¢scend and takes a rapidly as- 

cending path, which it is pursuing at the present 

time. As we are chiefly interested in the present dis- 

cussion in the shipbuilding on the coast, diagram P 

shows the building progress on the coast of the 

United States from 1857 to 1897; it will be observed 

on inspection that the mean line of building on the 

coast has the same general characteristics as that 

shown on diagram H, a rapidly increasing tendency 

to rise being distinctly shown from 1886 and con- 

tinuing upward at the present time. 

The following excerpt from the report of the U. 8 

Commissioner of Navigation for 1898 bears out in a 

remarkable degree the opinions of the writer as to 

the brilliant future in prospect for the commercial ma- 

rine of the United States: 

The additions to the merchant fleet of the United States dur- 

ing the current fiscal year will exceed the increase during any 

year in our recent history. ‘The year of our greatest construc- 

tion was 1855, when 2,027 vessels of 583,450 tons were built. 

Since the civil war our greatest annual output was during 

1874, when 2,147 vessels, of 432,725 tons, were built. The 

largest annual increase of late years was the addition of 1,411 

vessels, of 392,658 tons, in 1891. The additions from all sources 

to our merchant marine for the year ending June 30 (1899), it 

may be predicted, will amount to nearly 400,000 tons. The 

outlook for domestic shipbuilding, as indicated, is favorable, 

and the output of our yards should exceed 250,000 tons. Of 

the 62,000 tons of domestic merchant shipping purchased by the 

Government to meet the temporary exigencies of war, a con- 

siderable proportion will doubtless soon return to commercial 

pursuits. Of the foreign shipping directed by Congress in June 

to be documented, about 20,000 tons were not reported before 

the close of the fiscal year, and will, accordingly, be included 

in this year’s figures. Vessels condemned as prize during the 

recent war, and entitled for that reason to American registers, 

aggregate nearly 20,000 tons, of which nearly all have been 

or will be documented during the current year. Congress, it 

is assumed, will provide at an early day, a method for award- 

ing American documents to vessels which before annexation 

were under the Hawaiian flag. The measures adopted after 

the Louisiana and Alaska purchases are reproduced in Ap- 

pendix K (see Report). The Hawaiian registered list on Au- 

gust 238, 1898, consisted of 62 vessels, of 31,548 tons. Upon the 

establishment of permanent American control over the Philip- 

pines and Porto Rico measures will be necessary to bestow the 

American flag on the vessels belonging to those islands. The 

Philippine merchant fleet consists of 93 vessels, of 19,966 tons, 

but Porto Rico is practically without home shipping. 

The addition to our fleet from foreign sources mentioned, sath 

some noteworthy exceptions, almost wholly on the Pacific, will 

be small vessels, adapted to coasting or interinsular communi- 

eation. The registration of the complete fleet of Northern Pa- 

cific Company and the balance of the fleet of the Pacific Mail 

Steamship Company, by special acts of Congress, and the 

transfer to the Pacific coast of four American steamships 

hitherto engaged in transatlantic trade, indicate preparation 

on the part of the United States to take the lead in trans- 

pacific navigation. 

It has been frequently claimed that the change from 

sail to steam, occurring about 1833, and the change 

from wood to iron were the leading causes for the 

decline in American shipbuilding; but, as will be 

noted on inspection of diagram H, the rate of increase 

in the annual output of new vessels, from the time 
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these changes took place, was greater than the rate 

of increase previously, up to 1855 (in which year was 

produced the largest amount of tonnage in the history 

of the nation, 585,000 tens). As has been shown in 

the discussion of our shipowning interests, however, 

in this year the nation began to feel the first real 

tremblings of the impending civil war, a spirit of 

uneasiness in financial circles ensued, and from this 

point the annual output followed the same course of 

decline as originally shown to have taken place in 

our shipowning interests. It was not the lack of 

ability either in providing the proper materials or in 

the skill of the American artisan that caused the de- 

cline in construction of vessels; it was due to circum- 

stances momentous to the nation, and direful to the 

industry, creating opportunities which were eagerly 

seized by our British rivals. 

Now, from the shipbuilder’s standpoint, what are 

the conditions which exist at thepiesent day? 

As has been clearly shown, shipowning interests 

are distinctly on the increase, both in our foreign and 

domestic trades, legislation is assured in the imme- 

diate future which can have no other effect than that 

of increasing the rate of progress; the chief materials 

used in ship construction—steel and iron—are being 

produced at prices equally as low, and in some cases 

lower, than in Hurope; the machinery used in the 

manipulation of both the metals and wood is superior 

and more efficient than that used in the majority of 

ship and engine building concerns on the other side 

of the Atlantic, and with the vast mineral resources 

of the country in the first place, and the world ac- 

knowledged ingenuity of the American people in the 

second, and the determination not to be beaten in 

the third, the process of cheapening the cost of pro- 

duction cannot fail to go on. It is true that the labor 

costs more in the United States (probably from 10 

per cent to 15 per cent) than in the United Kingdom, 

but with properly arranged systems and methods of 

work established the labor bill can be readily reduced. 

It has been already proved by the construction 

of the new vessels for our navy that we are able to 

produce vessels of this class equally good in every 

respect, and as cheap!y as those of foreign nations. 

The building of freight steamers requires only certain 

modifications in our systems to be equally successful. 

Referring again to diagram H a feature will be ob- 

served which is common to all activities in engineer- 

ing industries, that is periodic fluctuations. On in- 

spection we observe maximum points of production; ~ 

starting at 1857 these occur at intervals of 7, 10, 9, 8, 

and 6 years—a mean of § 1-2 years, and minimum 

production at intervals of 10, 8, 6 and 9 years, an aver- 

age of 8 1-4 years; from the experience then of the past 

forty years we may safely predict a maximum pro- 

duction to occur about 1899; we touched the bedrock 

minimum in 1895 and are unquestionably on the rise. 

Summing up the preceding, it may be claimed that 

our shipping interests are in a rising condition, and 

the capitalist looking for a solid paying investment 

need have no hesitation in placing his money in the 

ship and engine building industries, and, as has been 

shown, the present time is most opportune, the be- 

ginning of flood tide. 
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FULL POWERED SEA-GOING STEAI YACHT 
APHRODITE FOR COL. OLIVER H. 

PAYNE, OF NEW YORK. 

BY WILLIAM A. FAIRBURN. 

The single screw steel steam yacht Aphrodite is 

the largest and finest steam pleasure craft that 

American designers and builders have as yet pro- 

duced. This handsome vessel has been constructed 

by the Bath Iron Works, of Bath, Me., C. R. Hanscom, 

general superintendent, for Colonel Oliver H. Payne, 

of New York. The contract was signed early in 

January, 1898, and a2 month later the contractors 

commenced the erection of a steel-ship shed 312 ft. 

long and 51 ft. wide, in which to construct the ves- 

sel. The keel of the yacht was laid in June, and 

on the first day of December, the steel hull being 

then practically completed, she was launched and 

christened Aphrodife, by Miss Vivien Scott, the 

daughter of the yacht’s commander, Captain C. W. 

Scott, formerly of the steamer yacht Eleanor. 

The dimensions of the Aphrodite are: 

Length over all including bowsprit.............. 344 ft. 

OG Hew INN hopboondoobondodededa SOoona S0cmiee 

Coin Oo \k'/o4 On aestmrinoeboonanoodadsopodcGeadoud 260 ‘* 4in. 
LEE TNO GCIEE, cosoovcd000000090000000 eoco000000 SBT er Goce 

DRI, SHES, WAOMIGCL,.oog00000000000000000800000 Hl Gs AC 
OO CPW odsadenod0000000000 290000000 22 =< 

WOMAN GRU IS CVENT, 45 coco p000000000000000000 163 6 

IDCEKEL CEM 5400000000000000000000000000000996090000 1B & 

Displacement? racemes ccteiloceteleeioeeteteveisesionienls 2,000 tons. 

Ratiojof length to beam. 3.3... 2... cee nese es ne 7.32 

GB BANDING ooooocococ0an008000 12.2 
Oh GH GG © OG Centersecwerei men LoL 

GO 8 FOREN OD GChENID MOM o0p5000 Soooacd 2.37 
Gross tonnage Custom Housé measurement.,... 1,148 
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DETAILS OF CONSTRUCTION. 

The steel hull of the vessel is very heavy and rigid, 

and the scantlings are in excess of the requirements 

of any classification society. She will receive the 

highest rating at the American Bureau of Shipping 

and the United States Standard Association. The 

yacht has a flat keel instead of the usual side-bar 

keel. She has good deadrise, a very easy bilge and 

graceful curving sides, with a moderate tumble home. 

The displacement is well proportioned, the center of 

buoyancy being about amidships, with the ends not 

too fine. She has a drag aft of 9 in., and the fore- 

foot is cut away somewhat so as to decrease the 

wetted surface and eliminate weight where there is 

but little buoyancy. The bow lines flare above the 

load water line so as to make the vessel more com- 

fortable in a head sea. She has a rounding stern, 

-with a medium overhang, and the stern lines are 

such as warrant good behaviour when running before 

a heavy sea. The Aphrodite is fitted with large 

bilge keels or roiling chocks. TheSe keels are 24 

in. deep and 140 ft. long. They are formed of steel 

plates filled with white pine, the thickness varying 

from 9 in. at the ship’s side to 1 in. at the outer 

edge. As the width of these bilge keels is quite 

large for a vessel of this type, viz., 24 in., and as the 

area of the two keels is fully one-twelfth of the area 

the load water plane, they cannot fail to prove very 

efficient as rolling chocks. No permanent ballast 
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has been fitted in the Aphrodite, as the yacht has 

ample initial stability, but four large water ballast 

tanks are fitted, two forward and two aft of the 

machinery spaces, wita a total capacity of 100 tons. 

The displacement of the vessel can thus be increased 

and the trim regulated at will. ‘The hull of the 

yacht is divided into eighteen water tight compart- 

ments. ‘There are no less than seven water tight 

athwartship steel bulkheads extending up to the 

main deck, and two other bulkheads are water tight 

up to the lower deck. No doors are cut in any of 

these bulkheads except where absolutely necessary. 

The passage from the engine room to the fire room 

is above the water line, and the doors to the shaft 

alley and the coal bunkers are the only doors in ~ 

water tight bulkheads placed below the water line. 

There are many innovations in the construction of 

this interesting vessel. The main deck is plated with 

steel throughout. The continuous strokes of plating 

amidships are as heavy as the shell plates, and great 

care has been taken to place the neutral axis of the 

vessel as near the center of depth as is practicable. 

A top-gallant forecastle is fitted forward with full 

head room between it and the main deck. This forms 

a covering for the windlass, and in it are also located 

the petty officers’ and crews’ W. C., washroom and 

bathroom. The large deck house, 160 ft. in length, 

is a steel structure of great strength and rigidity, 

all the metal work being carefully concealed by hand- 

some paneled mahogany. Vertical sliding air ports 

20 in. in dia. are fitted in this house. These are more 

efficient for an ocean going vessel than the usual 

rectangular windows, and they also tend to give her 

a much more shipshape appearance. It has been the 

intention of the owner to secure ample deck room 

and freedom at sea rather than large rooms in which 

to entertain. In this respect the Aphrodite is an 

ideal boat for a lover of the sea. On each side of the 

deck house there is a clear space of about 7 ft., and 

there is also a large clear quarter deck, from which 

one can see the whole length of the ship. The top 

of the deck house runs out to the side of the vessel, 

forming a Shade deck. This forms a most desirable 

promenade deck, and it also shelters 'the walk along- 

side the deck house on the main deck below. 

DETAILS OF EQUIPMENT. 

The Aphrodite is equipped with an excellent steam 

laundry and steam drying room. She is also fitted 

with a very complete ice-making plant. Large re- 

frigerating chambers are located in the forward hold 

divided into three parts for meat, fowl and fish. 

These rooms are insulated with 1 1-2 in. nonpareil 

cork, the woodwork being of spruce throughout. In 

the afterhold there are six large fresh-water tanks, 

containing 25 tons of water for “domestic” purposes. 

Sanitary and fresh-water tanks supplying water by 

gravity are not placed on the upper deck of this 

vessel, as is the custom in the majority of steam 

yachts to-day, but a far preferable constant pres-- 

sure system has been adopted throughout. There are 

no less than twelve bath rooms aboard this vessel, 

and seven of them in the owner’s and guest quarters 

have the floor covered with small rubber tiles, and 

the sides up to the deck overhead covered with 6 in. 
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extra quality white glazed tiles, fastened with nickel- 

plated screws and washers. Hach bathtub ‘s sup- 

plied with hot and cold fresh and sea water. All the 

bath room fittings are rich, though plain. The lava- 

tories are oval, with rectangular mirrors above, the 

water closets are fitted with flushometer valves, and 

all the plumbing and metal work in these rooms are 

nickel plated. Shower baths instead of tub baths 

have been provided for the crew forward, and these 

rooms are tiled and leaded. 

The general arrangement of thé Aphrodite was de- 

seribed in detail in the February, 1898, issue of 

MARINE ENGINEERING. The style and finish of all the 

rooms already completed is first class in every re- 

spect. There is an absence of carving noticeable, and 

none of the rooms are profusely decorated, yet, at 

the same time, everything is very substantial, and 
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Two search lights are fitted at the forward end of the 

shade deck. A Hyde steam capstan windlass is pro- 

- vided for 1 3-4in. chain, with cylinders 9 in. by 9 in. 

working at boiler pressure. This windless can be 

operated from the forecastle deck. A hand capstan 

is on the main deck aft. The main cables consist of 

240 fathoms, of 1 3-4 in. stud link chain and 90 

fathoms of 1 in. stream chain is also carried. The 

two bower anchors are of the ‘“Baldt”’ stockless type, 

each weighing 4,000 lbs. The steam anchor weighs 

1,850 Ibs. excluding the stock, and the kedges weigh 

675 lbs. and 835 Ibs. respectively. The yacht is fitted 

with a Williamson steam steering engine, located in 

the engine room, and a Hyde improved Robinson 

hand steerer is directly connected to the rudder stock. 

The Aphrodite carries eight handsome boats: viz., 

one 30 ft. power launch and one 28 ft. power launch 

SINGLE SCREW STEAM YACHT APHRODITE, OWNED BY COL. 

well and artistically arranged, and the quality of the 

material used is very choice. The officers’ quarters 

forward are finished in cherry and ash, and the cap- 

tains room with conceaJed bath and W. C., excellent 

desk, bureau and furnishings, is a model. _ 

The Aphrodite’s electric plant is very complete, two 

direct coupled generating sets (M. P. 4 — 20 — 550) 
have been fitted, the volfage being 110. The engines 
are 6 1-2 in. by 5 in., and the steam pressure 80 lbs. 

A storage battery with sixty-two cells has been fit- 

ted by the Electric Storage Battery Co., of Philadel- 

phia, and the accumulators are placed just abaft the 

engine room bulkhead alongside the shaft alley. 

O. H. PAYNE, NEW YORK. 

built by the Gas Engine and Power Co., two 28 ft. 

lifeboats, one 28 ft. giz, one 28 ft. cutter, and two 18 

ft. dinghies. A very pleasing sail plan is one of 
the striking features »f the vessel. The bowsprit is 

of steel about 20 in. dia. and 55 ft. long, all the 

other spars are of carefully selected Oregon pine, 

with the exception of a few of the smaller ones, which 

are of spruce. The fore and main lower masts are 

about 85 ft. long, and the topmasts are 60 ft. long. 

-The lower yards measure 70 ft. and the spanker gaff 

is 65 ft. long. The total sail area is approximately 
16,000 sq. ft., which means that the yacht has about 

two-thirds full sail power. All the standing rigging 
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of the vessel is set up by means of manganese bronze 

turnbuckles, and the majority of these, including all 

those connected to the shrouds, are finished bright. 

PROPELLING MACHINERY. 

The machinery consists of a vertical triple expan- 

Sion engine with cylinders 28 in., 48 1-4 in. and 70 in. 

dia., and 38 in. stroke. The engine was designed to 

indicate 3,200 H.P. at about 1382 revolutions. The 

propeller is a four bladed right hand bronze wheel 

east in one piece. The diameter is 12 ft. 7 1-2 in., and 

the pitch is variable. Steam is supplied by four 

single-ended steel Scotch boilers at 165 lbs. pressure, 

working natural draft. They are each 14 ft. 4 in. 

mean diameter, and 12 ft. long. Each boiler is fitted 

with three 48 in. corrugated furnaces. The total 

grate surface of the four boilers is 320 sq. ft., and the 

total heating surface is 9,500 sq. ft. 

SPEED TESTS OF THE APHRODITE. 

At 7.80 a. m. Thursday morning, March 9, the 

Aphrodite left the wharf of her builders for her official 

speed test. The machinery of the yacht had been 

given frequent dock trials during the preceding 

month, but this was the first time that the vessel had 

left the wharf under her own steam. The programme 

for the day consisted of a progressive trial during her 

run down the Kennebec to the ocean; turning trials 

in the deep water beyond Seguin Island; progressive 

speed tests on the measured mile off Southport in the 

vicinity of Boothbay Harbor, and a four hour full 

power acceptance trial at sea. The progressive trial 

made during the run down the Kennebee river was 
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had an arm about 4 ft. long with a vertical sight at 

each end. During the progressive trial in the river 

the arms of these tables were set at 90 deg., and 

therefore a sight base of 235 ft. was formed. An ob- 

server was stationed at each plane table with a stop 

watch that has been previously rated. Electric bells 

and a carefully arranged code of signals formed the 

communication between the stations and the engine 

room. When all was ready for a test, the engine 

room was communicated with and the revolutions 

were decreased ol increased to the number speci- 

fied. The pilot kept the vessel for a few minutes on a 

straight course, and one of the crew at the forward 

end of the forecastle deck threw overboard, slightly 

forward and well clear of the vessel, a block of wood. 

Each observer had his stop watch set at zero, and as 

the block of wood passed the sights of the respective 

plane tables each pressed the stop of his watch. One 

of the observers then took both watches, and placing 

one in each hand he stopped them instantaneously, 

and the difference of the readings of the two watches 

gave the correct time the ship required to cross the 

base of 235 ft., and from these figures the correct 

speed in knots or miles per hour was easily obtained. 

The revolution at the time the speed observations 

were taken were then reported from the engine room 

and one spot on the revolution curve was therefore 

obtained. 

On the trial of the Aphrodite the cylinders were not 

indicated during this test and merely speed and revo- 

lutions were noted, as it was the intention at that 

SPEED TRIAL DATA OF STEAM YACHT APHRODITE. 

| 

Time, i Tet R)e Steam. Rey. Vacuum. il IP. LO, L. P, Rec. 
i} 

9,45 | 155 135 26 42 6 
10, 3000 150 132 246 48 8 
10,15 150 135 
10.30 2960 | 138 131 2416 48 8 
10,45 | 132 128 
11. 2590 125 126 2416 43 6 
11,15 | 122 84 
11.30 2430 155 123 24, 36 5 
11.45 162 134 

¥*12. 3230 152 135 241; 53 7 
12.15 . 12) 134 1 
12.30 2270. 120 122 2446 37 6 
12.45 122 106 
i, 1470 © | 124 101 246 23 5 
eS 137 128 
1,20 2780 132 128 2416 } 47 6 

1.45 155 | 

*M, E. P. referred to L. P. Cylinder = 32.55 lbs, 

intended to give approximate results and correct a 

revolution curve which had been previously prepared. 

This trial proved very interesting, and as the 

method adopted of obtaining the speed is new in our 

eountry, although it might be considered as merely 

the development of an old sailor’s method, it may be 

interesting to explain how the results were obtained. 

Two stations were selected on the starboard main rail 

of the yacht, and the Gistance between these stations 

by careful measurement was found to be 2385 ft. The 

forward one was located just aft of the topgallant 

forecastle, and the aft station was on a line with the 

rudder stock. A plane table was located at each sta- 

tion carefully graduated and set square with the 

center line of the vessel. These plane tables were 

made for use in the turning circle trials, and each ~ 

time to give the vessel a very complete progressive 

speed test on the measured mile at Southport. The 

following figures are the results of the four tests 

made by the method described here, and the total 

time occupied by making these observations and al- 

lowing time for the vessel to attain a uniform rate 

of speed before each set of observations were taken 

was only about 20 minutes. 

TIME BETWEEN SPEED IN KTS. REY. PER 
SIGHTS, PER HOUR. MIN. 

11.75 sec. 11.84 104 

17,25 <S 8.07 72 

21 os 6.63 58 

24.75 ‘6 5.62 52 

As the floating blocks of wood and the ship are al- 

ways subject to the same currents, ete., all tidal in- 

fluences are eliminated by this method. 
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Upon arriving off Seguin it was found that the - 

weather conditions, whilst quite favorable at that 

time, did not look very promising, and as the builders 

were quite confident that the yacht would. easily 

make the required contract speed of 15 knots, it was 

decided to run the 4 hours sea trial first, and the pro- 

gressive trial afterwards if the weather remained 

favorable. The course was from Seguin light with 

Pond Island light and Mile Ledge buoy in line over 

to Wood Island light with Old Orehard House and 

buoy in line a distance of 28 1-2 nautical miles. The 

depth of water on this course varies from 15 to 40 

fathoms, the average being about 25 fathoms. At 

9-45-20 o’clock, the Aphrodite went over the line. The 

steam pressure was 155 lbs., and the engine was 

turning about 135 revolutions per minute. The wild 

steering of the quartermaster during the first fifteen 

minutes considerably handicapped the vessel. 

Although two Sturtevant blowers with 30 inch sue- 

tions were fitted cn board the yacht, to ventilate all 

the living spaces and fire room, these were not used 

to assist the draft during the speed trial. Neither 

was the draft assisted by the steam jet in the stack, 

and the trial was in every sense of the word a natural 

draft trial. The run to Halfway Rock was made at 

an average rate of speed of 16.7 knots. After pass- 

ing this point some trouble was caused by the split- 

ting of four condenser tubes, and the revolutions had 

to be reduced from 130 to about 80. This accident, 

throughout the remainder of the trial, necessitated 

the use of Some sea water as feed to the boilers, and 

slight trouble was frequently experienced by a high 

water level in two of the boilers owing to lack of care 

in regulating the feed. The end of the course was 

reached 11-35-20 o’clock, and in spite of a slow down 

of about 20 minutes and unsatisfactory steering the 

28 1-2 nautical miles were covered in 1 hour and 50 

minutes, equivalent to a mean speed of 15.5 knots. 

The return trip was commenced at 11-46-35 o’clock, 

and with 152 lbs. steam pressure and 135 revolutions. 

The first part of the course was covered at a speed 

of 16.9 knots, and then the vessel had to slow down 

owing to the advent of a northeast snowstorm; the 

thick weather making it extremely dangerous to 

steam at full speed. The compasses had not been ad- 

sjusted, and as no land was visible, although the ves- 

sel was within two or three miles of the shore, the 

engines were stopped at 1-32 o’clock. The tow boat 

Adela was sighted about this time, and the Aphrodite 

following the tug, seguin rock was located about 

half a mile distant on the starboard side amidship 

at 1-40 o’clock. It was found that on the return run 

29 1-2 nautical miles had been covered in 1 hour 54 

minutes, including all slow downs and stops, which is 

equivalent to a mean speed of 15.53 knots. The ayver- 

age rate of speed of the yacht, excluding the slow 

downs and stop, was 16.8 knots, and the average speed 

throughout the run, including all slow downs and the 

stop was 15.54 knots, a remarkable performance. 

A few days after the official speed trials the 

Aphrodite steamed to New York, where she is at pres- 

ent receiving some of the joiner work for the owner's 

quarters, which has been constructed by Messrs. 

Davenport of Boston, the builders of the main cabin 

of the steam yacht WHleanor. The yacht will be 
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cemented and finished in New York, as the Bath Iron 

Works could not guarantee a satisfactory smooth ex- 

terior if the cementing had been done at the works 

early in March.. The Aphrodite with her large sail 

spread and powerful machinery is probably at present 

the fastest ocean pleasure cruiser afloat. She will 

be able to steam 16 knots day after day, and her 

bunkers will carry suflicient coal to allow her to cross 

the Atlantic at a speed of 15 knots. The Aphrodite 

when she goes into commission will have cost Col. 

Oliver H. Payne about $450,000, and the running ex- 

penses of the yacht will be about $10,000 per month. 

VIBRATIONS OF STEAMSHIPS AND METHODS 

OF BALANCING MARINE ENGINES—YV. 

BY C. H. PEABODY, B. Sc, 

(Last Installment.) 

In the statement of the kinds of vibrations that 

may occur in a ship, attention was called to vibra- 

tions of higher orders, with several loops and nodes. 

The simplest vibrations, with two nodes and one 

loop, have properly received the most attention, as 

they are the most troublesome; these may be consid- 

ered to be vibrations of the first order. Vibrations 

of the first order are caused either by unbalanced 

engines at or near the middle of the ship or by en- 

gines which are not in running balance at or near a 

node. It has been said that engines which are in 

standing balance will give little trouble when placed 

near the middle of a ship, because the rocking couples 

have little influence at a loop. But vibrations of the 

second order have two loops and three nodes, one of 

which is at the middle of the ship. Consequently an 

engine which is not in running balance may set up 

vibrations of the second order when placed at the 

middle of a ship. Again the loops of vibrations of 

the second order are not very far from the nodes of 

vibrations of the first order. It may, therefore, be 

found that an unbalanced engine which has been 

considered to be unobnoxious when placed near the 

node of vibrations of the first order, may set up vi- 

brations of the second order if it chances to come 

at a loop for that order of vibraticus. Finally vibra- 

tions of the third order have four nodes and three 

loops. An unbalanced engine at any one of these 

three loops may set up vibrations of that order, or 

an engine in standing, but not in running, balance 

may set up vibrations if set near any one of the four 

nodes. It seems then that an unbalanced engine set 

* anywhere in a ship may set up vibrations of some 

order. But since vibrations of the higher order are 

much more rapid and much less troublesome, they 

are less likely to occur, and when they do occur re- 

quire less attention. 

For sake of simplicity it has been considered that 

an engine will set up vibrations only when its num- 

ber of revolutions is the same as the number of 

vibrations of the hull of the ship. But it is sufficient 

that the number of revolutions shall be some multiple 

or some submultiple of the number of vibrations. 

That is, vibrations may occur when the revolutions 

of the engine are half or are twice the number of 

vibrations. For example, Mr. Yarrow found that a 

torpedo boat vibrated violently at 200, 400, 600 and 
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800 revolutions of the engine, while there was little 

or no vibration when the engine ran at 300, 500 or 

700 revolutions per minute. The most dangerous 

vibrations, however, are found when there is a coin- 

cidence of the number of revolutions and vibrations 

and when the vibrations are of the first order. There 

have, however, been some instances of very annoy- 

ing vibrations caused by small high-speed engines; 

thus one of the United States cruisers had a verti- 

cal electric lighting engine placed directly on the 

protective deck forward. The vibrations resulting 

were so disagreeable, especially in the officers’ quar- 

ters, that the engine was removed. 

If an engine causes vibrations in a ship when run- 

ning at a certain speed, then as the engine is speeded 

up and approaches the time of natural vibration of 

the hull, the ship begins to tremble at regular inter- 

vals, coming to rest between those intervals. The 

reason for this is that the interval between two 

fluctuations of the unbalanced force which tends to 

shake the ship is then only a little longer than the 

interval between the successive vibrations of the 

ship. ‘The close approach to coincidence enables the 

force to set up a vibration which at first increases in 

violence, because several successive fluctuations can 

act so as to increase the movements of the hull. But 

presently the time of appleation of the force lags so 

far behind the time of the vibrations that it begins 

to oppose the motion it has itself provoked, and then 

it tends to quiet the ship. Since there is.seldom an 

exact coincidence of the time of rotation and the 

time of oscillation, the shaking due to the engines 

of a ship usually runs through a series of phases, 

increasing in violence and then becoming quieter. 

If the ship has twin screws the shaking is further 

affected by the lack of exact equality of speed of the 

two engines. When the engines huppen to run to- 

gether the shaking is very violent, but as one engine 

gains on its mate the effects of the two engines may 

be so opposed as to partially neutralize each other. 

The purpose of the engines of a screw ship is to 

turn the propeller at a uniform speed. The twist 

applied by the engine to the screw shaft must be 

resisted by the hull, and the hull is consequently 

twisted, though to an imperceptible extent. But the 

turning effort of the engine is not uniform and the 

fluctuations of this effort tend to set up twisting 

vibrations of the hull. These vibrations are notice- 

able only on very slender hulls, as of torpedo boats 

and torpedo-boat destroyers. These torsional vibra- 

tions haye nodes and loops, and may be of the first, 

second or third order. These vibrations are most 

noticeable in single-screw boats, fur twin-screw en- 

gines turning in opposite directions tend to neutral- 

ize each other’s influence. Schlick says that the ar- 

rangement of the cranks of a three-crank engine has 

little effect on the amount of torsional vibrations, 

but that the changing of the number of cranks, for 

example, replacing a three-crank engine by a four- 

crank engine, may entirely do away with the vibra- 

tions because there are then four instead of three 

fluctuations of turning effort per revolution. 

The question now occurs as to what shall be done 

if a ship shows excessive vibrations when the engine 
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is running. Having determined that the vibrations 

are proper vibrations of the structure of the hull and 

are not local vibrations due to lack of local strength 

or stiffness, it appears that the only remedy is to 

change the time of revolution of the engine or to 

change the time of vibration of the hull. It is sup- 

posed, of course, that all proper methods have’ pre- 

viously been used for balancing the engine either 

during the design or as a result of experience in run- 

ning the engine. 

Now the time of the engine is the easiest to change, 

provided that either a slower speed of the ship can be 

accepted or that the desired speed can be attained 

with a slower rotation of the engine. To.get a slower 

speed of the engine of a screw ship it is sufficient to 

increase the pitch of the propeller either by twisting 

the blades (if they are bolted to the hub) or by mak- 

ing a new wheel (if solid). But in general the engine 

cannot develop the required power if the revolutions 

are reduced, so that this method will commonly be 

impossible. It is true that the same effect can be at- 

tained by increasing the speed of the engine by de- 

creasing the pitch of the propeller, but there is then 

this objection that the ship is sure to tremble vio- 

lently at some speed less than the full speed, and 

must always pass through a period of vibration be- 

fore full speed is attained. And again if for any 

cause the full speed cannot be attained it will be 

necessary to reduce the speed below that at which 

the vibrations occur. Few merchant ships have en- 

gines that run so fast as to pass beyond the speed at 

which vibrations occur, but several cruisers show 

vibrations when running at somethiug less than full 

speed, and it is not unusual to find one or more 

speeds for a torpedo boat at which the vibrations 

are more troublesome than at full speed. 

If the speed of the engine cannot be changed 

enough to reduce the vibration of the hull, then we 

must attempt to increase the number of vibrations 

of the hull by adding new members to the framing 

of the ship or by strengthening those already in place. 

It must be borne in mind, however, that additional 

stiffness rather than additional strength is to be 

sought, though the method of gaining stiffness is 

usually to add strength. Of course, it may be possi- 

ble to reduce the number of vibrations by reducing 

the stiffness of the hull, but this is objectionable for 

the same reason that we do not like to increase the 

speed of the engine, to say nothing of the fact that 

dangerous vibrations are most common in lightly built 

ships which it would be dangerous to weaken. 

In working out the design for a ship which is to 

have powerful and high-speed engines so that vibra- 

tions may be expected, it is well to calculate the prob- 

able time of vibrations of the hull by the equation 

already given, namely 

if 

Wes ONE 

Of the terms that occur in this equation the length 

and displacement for a new ship will, of course, be 

known after the design is well advanced. The mo- 

ment of inertia is thea also determined in connection 

with calculations of strength. The constant C is not 
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so well known as could be desired; much more ex- 

perimentation is required to determine this quantity. 

We may, however, use the equation to estimate the 

probability of trouble from vibration by aid of the 

equation when C is not known. Suppose that we 

have a ship of a given type which does not show 

much vibration at full speed nor at reduced speeds, 

so that we are sure that the revolutions of the engine 

per minute are less than the natural vibrations 

of the ship. If we use the revolutions of the engine 

R in place of N in the foregoing equation, together 

with the length displacement and moment of inertia 

of the midship section, we may calculate a trial value 

of 

(ia 

nee 
DIB 

Taking J', D' and Z' from the design of the new 
ship, we may find 

_, || ae 
2 CN pins 

which will be a probably safe number of revolutions 

for the new ship. 

Roughly we may consider that the displacement of 

a ship.is proportional to the length and that the mo- 

ment of inertia is proportional to the fourth power 

of the depth, which in turn may be considered to be 

proportional to the length. This makes the number 

of vibrations of the hull proportional to the length 

of the ship. This rough method can be used only 

when the new ship is really an enlarged copy of the 

existing ship with like proportions. 

Somewhat elaborate instruments haye been de- 

vised by Yarrow and by Schlick for measuring and 

recording the vibrations of ships. They consist es- 

sentially of a heavy weight hung on a long spring so 

that the natural vibration of the weight on the spring 

is very slow. The weight is consequently little af- 

fected by the rapid vibrations of the ship’s hull and 

remains practically at rest. The frame which sup- 

ports this suspended weight carries a paper drum 

which is driven by clock work. A pencil on the sus- 

pended weight presses against this paper, and when 

there are no vibrations draws a straight line. When 

this instrument is placed at the node of a vibrating 

ship, the paper, being on the frame, moves up and 

down with the ship, while the pencil on the suspended 

weight is at rest. The consequence is that the pencil 

draws a wavy line on the paper, which indicates at 

once the extent and the number of vibrations of the 

hull, since the paper on the drum is drawn along 

at a known uniform rate by clockwork. If the instru- 

ment is moved from place to place the nodes and 

loops may be located. A modification of this instru- 

ment is used to investigate horizontal vibrations. A 

very simple device, like a weight at the end of a long 

piece of india rubber, supported by a simple frame 

or even held in the hand, may be used to locate 

nodes, and if vibrations are not too rapid may be 

used to count the number of vibrations per minute, 

. remembering that it is easier to count double vibra- 

tions. It would appear, however, well worth while to 

make careful investigations of vibrations of ships 

with proper instruments and competent observers. 
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Warrant [lachinists in U. S. Navy. 

A circular has been issued by the Navy Department 

giving information regarding the appointment of war- 

rant machinists, which reads as follows: 

NAVY DEPARTMENT, 

Wasurinaton, D. C. 

REGULATIONS FOR THE APPOINTMENT OF WARRANT MA- 

CHINISTS. 

In pursuance of the fourteenth and fifteenth sec- 

tions of an act passed at the third session of the Fifty- 

fifth Congress, approved March 3, 1899, entitled ‘An 

act to reorganize and increase the efficiency of the 

personnel of the Navy and Marine Corps of the 

United States,” applications will be received by the 

Navy Department for the appointment of warrant ma- 

ehinists. 

2. By the terms of the act, the examination prelimi- 

nary to appointment is open, first, to all machinists by 

trade, of good record in the naval service, and 

if a sufficient number of machinists from the 

Navy are not found duly qualified, then any ma- 

chinists of good character, not above thirty years of 

age, in civil life shall be eligible for such examina- 

ticn and appointment to fill the remaining vacancies. 

The Navy Department will, therefore, first conduct an 

examination of candidates selected from machin- 

ists of the Navy only. Later, if a sufficient number to 

fill the one hundred positions authorized by the act 

fail to qualify, another examination, open to machin- 

ists in civil life, will be held. 

3. Applications for naval machinists must be made 

to the Secretary of the Navy, to the commander-in- 

chief of a fleet or commandant of a station, and for- 

warded through the official channels prescribed by 

the U. S. Navy Regulations. No person will be ex- 

amined who is not a citizen of the United States. 

4. With each application there must be, either in 

the form of endorsements attached to the application 

or of separate letters, statements of opinion from the 

commanding officer and the engineer officer under 

whom the candidate is serving at the time of making 

his application. These opinions will be limited to 

the question of whether or not the applicant is re- 

garded as qualified for the position of warrant ma- 

chinist and worthy of such advancement. Similar let- 

ters or endorsements must be obtained by the can- 

didate, wherever practicable, from commanding offi- 

eers and engineers with whom he has formerly 

served. The conduct and efficiency reports on file in 

the Navy Department wiil also be consulted in mak- 

ing up the candidate’s record. All candidates will be 

required to pass a satisfactory examination before a 

board of nayal surgeons as to their physical fitness for 

the service. Medical records of the candidate may 

also be consulted by the examining board in eases 

where other qualifications appear equal. 

5. The candidate must be able to write a legible 

hand and have sufficient knowledge of arithmetic to 

enable him to keep the engine room log-book, and an 

account of stores when necessary. His ability to 

write English will be judged from examination pa- 

pers in other subjects. The examination in arithme- 

tie will be limited to the addition, subtraction, multi- 

plication and division of whole numbers, and of yul- 
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gar and decimal fractions; the reduction of common 

fractions to decimals; proportion or the rule of three 

aud in the mensuration of surfaces and solids of the 

regular forms. 

6. In engineering the candidate must be able to de- 

scribe the types of marine engines and boilers, and 

their attachments, now in common use; the manner 

of putting them in operation, and the precautions to 

be taken to guard against the derangements to which 

they are liable. He must show himself familiar with 

the uses, operation and construction of the various 

auxiliary machines now in use on board ships of 

war; such as air and circulating pumps, feed pumps, 

fire and bilge pumps, wrecking pumps, hydraulic 

pumps, forced draft and ventilating blowers, dynamo 

engines, evaporators, distillers, ice machines, start- 

ing and turning engines, anchor engines, steering en- 

gines, boat and deck winches, launch machinery, ash 

hoists, ete. He must be familiar with the materials 

of which the different parts of machinery, steam 

pumps particularly, should be made, and he must be 

able to describe the repairs and remedies usually 

adopted on board ship in cases of derangement or 

breakage to parts of main and auxiliary machinery, 

He must be a practical steam fitter and capable of 

making joints in high-pressure hydralic piping. He 

must be familiar with the manner of taking indicator 

ecards from steam engines and must be able to 

interpret and work out such cards. He must be able 

to read drawings, make working sketches, and lay 

eut work. 

7. he examination shall be competitive, and the 

time when it is to be held will be designated by the 

Navy Department. <A series of questions covering 

the subjects above enumerated will be prepared and 

sent to all ships and nayal stations of the United 

States where enlisted mechanics are on duty. Using 

these questions, and no others, written examinations 

of candidates shall be held under the supervision 

of an officer or officers designated for the purpose by 

the senior officer present. AJ] candidates on any ship 

or at any section shall be examined the same day 

and at the same time. Communication between can- 

didates during examination shall not be allowed, and 

either giving or receiving assistance shall at once dis- 

qualify the offender as a candidate. The examina- 

tion papers, together with testimonials and all other 

records, in each case, shall be forwarded to the Navy 

Department, where the ‘board, provided for in Sec. 

14 of the act, shall mark the papers and grade the 

successful candidates in their order of merit as shown 

by the final averages. 

8. Examination papers shall be marked on the basis 

of 1,000 as perfect. Nhe following weights will be as- 

signed to the different subjects: 

Naval record. crassitecir therein lire ritiaeeter Ger mmeLOO 
Recommendations of commanding officers.................... 200 

Recommendations of engineer officers......................-. 200 
Hand writin enero ccheere cere Cen ristcieeiserciscrserserietcrrs 30 

ATIC MCE C ais aiare coc tenls soho te elela st aerstotels eellottte ici sistelersioeeielceioiete 70 

WEN eb E>) e¥-901: ob gu gosando noun dausccacJodoudconobedpado oobpOUGGO 100 

Marin Gp DoLlers a eaernresiesver tale netrcverele ieleict actos edskeiiteiclae iatate ateeccrere 100 
JV SWER A? TEXAN AT 5 0000 0p000000009 00000000006 06.00000000000000 100 

indicatorswandediagramsteeeeeeeeeee ee eee eee eee eecricerrint 50 

Working sketches: janice said alorcctereie alice i cic thmtelseisiet mentite 50 

1,000 
JOHN D. LONG, Secretary. 
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AMERICAN SCHOOLS OF MARINE 

ENGINEERING AND NAVAL 

ARCHITECTURE, 

COURSES PROVIDED FOR IN THE MASSA- 
CHUSETTS INSTITUTE OF TECHNOLOGY, 

BOSTON, MASS. 

Description of a Great Modern Technical School Adequately 

Equipped for Scientific Work—Details of the Courses of Study, 

the Laboratory Facilitics and the Student Life and 

Surroundings. 

An adequate conception of the purpose, scope and 

methods of instruction of the course in nayal archi- 

tecture and marine engineering of the Massachusetts 

Institute of Technology can be obtained only by a 

consideration of the establishment and development 

of the Institute as a whole. As the Institute is to a 

large degree the child of its founder and first presi- 

dent, the late Professor William S. Rogers, his life 

and personality must be the starting point for any 

intelligent discussion of this famous technical school. 

President Rogers was born in Philadelphia in 1804 

and was reared in an atmosphere of scholarship, for 

his father was a professor of the College of William 

and Mary, and here he commenced his career as a 

teacher and scientist. In time he became a professor 

in the University of Virginia, which in its disregard 

of the old traditions in education was a fit precursor 

of the Institute—so far removed in locality and so 

different in many of its aims and methods, but en- 

tirely alike in its devotion to truth and sound scholar- 

ship. 

The original proposition for an institute of tech- 

nology at Boston sprang from a course of lectures 

before the Lowell Institute delivered in 1844 by Pro- 

fessor Henry Rogers, a younger brother, to whom 

Professor William Rogers wrote the following char- 

acteristic sentence: 

“The true and only practicable object of a poly- 

technie school is, as I consider, the teaching, not the 

manipulations and minute details of the arts, which 

can be done only in the workshop, but the inculca- 

tion of all the scientific principles which form the 

basis and explanation of them.” 

This and Professor Rogers’ early advocacy and per- 

sistent support of laboratories of chemistry, physics 

and engineering can be taken as the foundation of 

the methods of the Massachusetts Institute of Tech- 

nology. That the methods have been successful is 

evident from the reputation of the school and the 

success of its alumni in wide and varied fields of 

influence. 

The corporation of the Massachusetts Institute of 

Technology, consisting of a group of prominent men 

of Boston, with Professor Rogers as president, was 

organized in 1861; on account of the civil war, how- 

ever, the regular course of instruction was not opened 

until 1865. This corporation, of which the president 

of the institute is a member, owns and manages the 

property of the Institute, appoints the president, pro- 
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fessors and other officers and instructors and grants 

degrees on the recommendation of the faculty. The 

facutly establishes and controls the courses of instruc- 

tion and discipline of the school. 

The buildings of the Institute, a familiar sight to 

Bostonians, are located near Copley Square, in the 

more modern portion of the city of Boston. They 

are partly on land granted by the State, and partly 

on adjacent property purchased at later periods. Not 

far away are the classical Public Library, the Mu- | 

seum of Fine Arts and the Museum of Natural His- 

tory, thus forming a center of art, science and enlight- 

enment in a city long noted for its literary and intel- 

lectual activities. At first all the departments were 

contained in the parent building, now called after its 

founder, Rogers Building; afterward, as the needs 

of the school increased, the building alongside, 

known as Walker Building, was occupied, and since 

the continued growth has necessitated constant ex- 

pansion until now there are in all seven buildings con- 

taining departments of the Institute. 

COURSES OF INSTRUCTION. 

At the beginning the Institute offered courses in 

Civil and Mechanical Engineering, Mining Engineer- 

ing and a course in Literature and Science. Now the 

Institute offers thirteen distinct courses in Civil, Me- 

chanical, Mining, Electrical, Chemical and Sanitary 

Engineering and Naval Architecture, in Chemistry, 

Physics, Geology, Biology, Architecture and general 

studies, and many of these courses offer options that 

allow students to develop special branches of their 

intended profession. The school now has on its rolls 

about twelve hundred students, who are instructed 

by fifty-four professors and more than one hundred 

lecturers, instructors and assistants. This large 

teaching force is required by the divisions and sub- 

divisions of classes, in the numerous subjects and 

specialties which make up the courses of instruc- 

tion, and more especially by the extensive introduc- 

tion of laboratory methods which have from the first 

been very highly developed. 

The courses may be grouped as the Engineering 

Course, including the first seven enumerated, and the 

course in Pure Science, such as Chemistry, Physics, 

ete.; also Architecture, which has so large an artistic 

side, and the General Course, which includes lit- 

erary, economic and similar studies. All these 

courses have in common a substantial basis of Mathe- 

matics, Pure Science, Language and Literature to 

give a well-rounded general training. Each course, 

or group of courses, has its further development of 

Mathematics, Science or Literature along advanced 

lines as may be requited. Students of the largest 

group, which comprises the engineering courses, 

while they begin to differentiate at the second year 

of the course, have a large amount of work in com- 

mon, including such subjects as Descriptive Geom- 

etry, Mechanism, Applied Mechanics, Hydraulic and 

Steam Hngineering. I¢ is held that the engineering 

student must first of all learn engineering and _ after- 

wards add to his knowledge the specialties of the 

particular branch which he may elect (one of which 
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is Naval Architecture); for the Naval Architect is 

an Engineer who knows how to build ships. 

COURSE IN NAVAL ARCHITECTURE. 

The inception of the course in Nayal Architecture 

commenced in 1888 from a suggestion by General 

Walker, during whose presidency the phenomenal 

growth of the school occurred, that students who took 

the marine option of Mechanical Engineering ought 

to know something of the structure and properties of 

the ship in which are found the marine engines that 

form the specialty of that option. From this begin- 

ning the instruction in Naval Arcnitecture was broad- 

ened and was intensified rapidly yet with a con- 

servative adherence to the methods and traditions 

of the Institute, till, in 1894. it was found possible to. 

offer a complete four years’ course covering all the 

accepted theory of the profession, together with 

methods of calculation and draughting required for 

the design of a ship. The department has thus far 

graduated twenty-six men, of whom twenty or more 

are in active practice of their profession, and of the 

small remnant all are in parallel branches of engi- 

neering or else have taken up some business from 

choice. In addition there are a number of graduates 

who took the undeveloped or embryotie course and 

have since perfected themselves in their chosen pro- 

fession, in which they hold positions of responsibility. 

Coming now to the course in Naval Architecture in 

detail: Admission, as to all the courses, is by exam- 

ination in Algebra, Geometry, History, English and 

French or German. It is the intention of the authori- 

ties that sufficient preparation may be attained in a 

good high school. A clear admission to any recog- 

nized college authorized to grant degrees is taken in 

lieu of an examination. Students coming from abroad 

are in general admitted without examination, it being 

expected that such candidates will inform themselves 

as to the requirements and satisfy themselves that 

their general preparation is adequate. Advanced 

standing may be taken by students, who show that 

they are competent to take up subjects regularly 

placed in the higher years. 

The course extends over four years; each year be- 

ginning the last week in September and ending the 

first week in June. A recess of ten days is taken af- 

ter the semi-annual examinations and brief recesses 

are allowed at Thanksgiving, Christmas and in the 

month of April.. The school year therefore occupies 

thirty-four weeks, with two examination periods of 

nearly two weeks each. But so far as appears ad- 

visable the progress of Students in earlier classes is 

judged from daily work, with comparatively few ex- 

aminations. 

Instruction is imparted by recitations, lectures, 

drawing, laboratory and shop work, or by a combina- 

tion of several of these methods. Many text and ref- 

erence books have been published by the professors, 

with special regard to the needs of the school, and 

there 1s a large development of printed matter pre- 

pared for the use of classes at the Institute only, 

which is not published; in fact it is the policy to print 

lecture notes as soon as they take permanent form. 

The large classes in many subjects allow frequent 
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revision of such notes, without excessive expense to 

the students. Notes which have not yet assumed 

even a semi-permanent form, or which are used only 

by a small number of the students are duplicated 

by the mimeograph or some similar process. A sample 

of these is shown in the engraving. The greater por- 

tion of the instruction, indeed, in Naval Architecture 

is given in mimeograph notes, which have been found 

very convenient, as changes can be made whenever 

necessary by the addition or ready substitution of 

sheets. 

The Drawing Room work is arranged to illustrate 

the theoretical work of the lectures and recitations 

and is carried on so far as possible at the same time. 

116 

Fig. 50. 

metacentre and centre of gravity above the cen— 
tre of buoyancy B, we may resolve the entir 
righting moment into two moments t 

D(h —- a) sin 9 

in the plane of inclination 

and 
Db 

which acts about an axis in that plane. The 
second moment is small for ordinary inclinations 
of well formed ships,and is usually ignored in 
the discussion of stability. When desired the 
longitudinal position of the centre of buoyaney 
ean be found by taking moments about a trans— 
‘verse axis, as in the calculation for the dis— 
placement and centre of buoyancy, in the erect 
position. When the position of 8B! after incli- 
nation, has been located the value B'!B" = b 
Fig. 50, is readily determined and also the mo- 
ment of the couple Db. In Barnes! method of 

SAMPLE OF MIMEOGRAPH NOTES. 

In the same way exercises in the laboratories of en- 

gineering and applied mechanics are made to enforce 

the teachings of engineering principles, and recipro- 

eally the lectures are directed to enable the student 

to undertake various laboratory problems and investi- 

gations intelligently. Practice in the Drawing Room, 

the Laboratory or the Work Shop is so graduated 

that the first work assigned to a student is well with- 

in his capacity, and he is expected and required to do 

good work from the first. As he gains power more and 

more is expected of him, each exercise being intended 

to require his best efforts and to presuppose all the 

previous instruction to be at his command. This sys- 

tem yields results of the highest quality and finally 

enables the instructor to demand a large quantity of 

work without distressing his students. The thesis 
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which completes the course is left almost entirely 

to the student, who seeks advice and guidance only ~ 

so far as may be required to avoid unnecessary waste 

of effort through inexperience. 

LABORATORIES AND WORKSHOPS. 

The laboratories in the buildings in Trinity Place 

occupy a floor space of 21,000 sq. ft. The Testing 

Laboratory is equipped with a number of machines, 

ranging in size from ap 800,000-pound Hmery machine 

downwards, for making tests of the metals, timber, 

cement, rope, wire, cloth and masonry. The largest 

machine will take in a compression specimen 18 ft. 

long and a tension specimen 12 ft. long. _ 

The Hydraulic Laboratory contains several tanks 
and standpipes, together with a great variety of con- 

nections, for ascertaining the loss of head, laws of 

discharge, velocity of jets, flow in pipes and for 

weighing the water in experimental work. There is 

here also a 48 in. Pelton wheel, a Venturi meter and 

various weirs, meters, pumps, turbines and rams. 

In the Steam Laboratory there is a multiple-expan- 

sion engine of the Corliss type, with cylinders 9 in., 16 

in. and 24 in. dia. and 30 in. stroke, which can be dis- 

connected so as to run simple, compound or triple. 

There is additional a tandem compound high-speed 

engine of 250 horse power. These engines are fully 

equipped with condensing apparatus, and all other 

paraphernalia necessary for the most exact determi- 

nations. Smaller steam and gas engines are used for 

instruction in valve setting and methods of construc- 

tion. The minor apparatus includes a great variety 

of condensers, pumps, injectors, calorimeters, mer- 

curial pressure and vacuum columns, indicators and 

other measuring instruments. 

In the laboratories there is also special equipment 

for experimental work in friction and lubrication, and 

in the adjacent power house there is a large battery 

of boilers continually under steam, so arranged as to 

be available for tests. 

The Hlectrical and Chemical Laboratories are very 

extensive and contain an immense variety of ma- 

chines, instruments and apparatus for instruction and 

special experimentation. : 

The workshops include: Machine shop, containing 

twenty-three engine lathes and other machine tools, 

and also large vice bench space; carpentry, wood turn- 

ing and pattern making departments, with forty car- 

penters’ benches, buzz, jig and Swing Saws and other 

wood working machinery, thirty-six wood lathes, and 

as many pattern makers’ benches; foundry, with cu- 

pola, brass furnaces and _ thirty-two moulders’ 

benches; forge shop, containing thirty-two forges and 

necessary hammers and drills. 

ADVANTAGES OF LOCATION. 

Much in the same line is the advantage of the loca- 

tion of the school at an important seaport where yves- 

sels of all classes are constantly found at the whaves. 

Not only that students may find illustrations of the 

subjects discussed in the lectures and recitation 

rooms, but that each as he runs across a difficulty in 

design of a ship or her engines may see for himself 

how the same or a similar difficulty has been sur- 

mounted in a special case. A student who has gone 

by himself to find how details of design have been 
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worked out not only learns that detail as he cannot 

from any lecture, text book, or drawing, but has 

gained what is worth more than all his books, notes 

and designs, the power to observe and learn for him- 

self. From an instructive point of view also visits to 

ships which have met with mishaps and come into 

port with boilers or engines broken or injured are 

very valuable; for more can often be learned from 

mistakes or misfortunes than from success. HEven 

a trip down the harbor in the engine room or a steam 

vessel is not without its value from the zest it gives 

to the text book discussion of machinery details. 

The work constantly in progress at the Boston 

Navy Yard and in the large marine workshops in the 

vicinity is of special value in this connection. By 

the consent of the Navy Department students have 

for several years been given practice in laying down 

ships in the mould loft at the Navy Yard. 

SUBDIVISION OF STUDIES IN NAVAL ARCHITECTURE. 

The two first years of the course in Naval Architec- 

ture are but little differentiated from the work of the 

other engineering courses, and lay the foundation in 

Mathematics, Chemistry and Physics, on which all 

applied science must rest. The training in common 

with other such courses is continued in Applied Me- 

chanies and Steam Engineering throughout the third 

and fourth year. So broad and sound is this training 

for the engineer at the Institute that many subjects 

such as the Theory of Integrators, Calculation of 

Strength, etc., can be either assumed to be familiar 

to the student when he reaches the specialization in 

Naval Architecture or may be dismissed after a very 

brief discussion of their application to ship building. 

Thus the lecture on Stress and Strains on ships take 

up only the question of Buoyancy in quiet waters and 

among waves, and the special devices tor facilitating 

calculations for a ship. It has been found possible, 

therefore, by a continuous course of two lectures a 

week throughout the third and fourth years to give 

adequate discussion of all the accepted theory of the 

profession, including the General Geometry of Float- 

ing Bodies; Statical and Dynamical Stability, with 

special application to added loads; Carrying Liquids; 

Bilging Compartments; Launching and Docking; Cal- 

culation of Stresses; Rolling in Quiet Water and 

Among Waves; the General Theory of Waves; the 

General Problems of Propulsion, including the In- 

fluence of Waves made by a ship at high speed; the 

different Methods of Propelling, by paddle wheels, 

screw propellors and by sails; Steering and Ma- 

neeuvering of a Ship Under Steam and Under Sail; 

Methods of Ventilation, and Adjustments of Com- 

passes. There is given at the same time a sufficient 

description of methods of construction to enable the 

student to understand the work which he may see in 

progress in shipyards and elsewhere, and to intelli- 

gently apply the principles of design to a ship. More 

than this the college does not consider it desirable 

to undertake, believing that the student must finish 

his education in the shipyard and the drawing office. 

The Drawing Room work is carried on simulta- 

neously with two or three exercises a week through- 

out the third and fourth years of the course. Begin- 
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ning with Drawing and Fairing Lines of Ships or 

Yachts, students make the usual caleulations for Dis- 

placement, Strength and Stability, and finally make 

a fairly Complete Design of some special ship, from 

preference a ship of medium size, large enough to eall 

for all the real problems of a design, but without 

the multiplicity of detail that might make real design 

impossible. This department has a fine outfit of In- 

tegrators and Calculating Instruments, and machines 

to facilitate the work of calculation and to famiiiarize 

the student with the tools of his profession. 

Parallel with this work in Naval Architecture is 

the work in Steam Engineering, taken by all engi- 

neering students, and the work in Marine Hngineer- 

ing, which is taken also by such students in mechani- 

cal engineering as may choose that branch for an 

option. It is considered here that the best co-ordina- 

tion of the design of the hull and machinery of a ship 

is one made under the final control of a master of 

both sides of his profession. Contrary to a com- 

monly accepted idea that there is any essential differ- 

- ence between the construction of the hull and the 

machinery, the college holds that the work is es- 

sentially similar and that no one can completely un- 

derstand one branch without knowing the other. 

Whatever separation in practice may be found con- 

venient, it is held to be necessary to carry on in- 

struction in both marine engineering and naval archi- 

tecture at the same time. In the Marine Hngineer- 

ing course a study is made of the Details of Engine 

Construction, of Stresses in Engines when running 

both from steam pressure and from the accelerations 

of the moving parts, together with a study of the 

Screw Propeller, of Paddle Wheels and of Hydraulic 

Propulsion. The students lay out and carry well 

forward the designs of a marine engine and apply 

to it the constructions and calculations discussed in 

the lectures. Students in Nayal Architecture prac- 

tically design, in this connection, the engines for the 

ship they design in their special instruction in hull 

work. 

GENERAL EDUCATION OF STUDENTS. 

Thus far attention has been given mainly to the 

work of the students, which is directly in or which 

bears directly on their own profession. But the In- 

stitute does not forget that the bulk of the students 

must get at the same time their general education 

which shall fit them to meet other educated men on 

a level. In one sense a sound engineering education 

is in itself a liberal education, as it teaches how to 

observe and learn, but it is recognized that without 

considerable attention to the “humanities” a student 

of engineering is liable to have a narrow view. Con- 

sequently a course in French and German, in His- 

tory, Literature and Political Economy is carried 

through the first three years of the college work. 

And in the study of languages the end sought is not 

only. to open modern languages to the reader of tech- 

nical literature, but also and mainly that training 

in the use of language (including English) that can 

be best attained by a rigid study of a foreign tongue. 

The proximity of the Institute to the Boston Public 

Library (to which students have access) and to other 
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general and scientific libraries in the city afford op- 

portunities for individual research, which are particu- 

larly valuable during the preparation of the gradu- 

ation thesis. The libraries of the institute are work- 

ing libraries conveniently located near the drawing 

room or other local habitats of students and are now 

very complete, each in its own line. Each library has 

well-kept files of technical periodicals, of which the 

students make good use. These are particularly valu- 

able in clothing the framework of the regular in- 

struction of the course of study with the records of 

the life of whatever branch of the profession the stu- 

dent is studying. There is also a large, comfortable 

and convenient library in the Central Building, which 

is open at all times, evenings as well as day times, 

so that no student may lack a light, warm and cheer- 

ful place in which to work and read. 

STUDENT SOCIAL LIPE. 

In the foregoing reiteration of the methods of work, 

of the requirements of hard and unremitting attention, 

might lead to the belief that the life of the Institute 

student was made up of drudging, which in the end 

would break down all but the gifted. Such is not the 

case, however, for the amount of time that may be 

exacted is strictly regulated not to exceed eight hours 

a day for six days in the week; or the work may be 

arranged by the student to take half a holiday on 

Saturday or an occasional evening, as he may desire. 

The arrangement of studies on alternate days or at 

longer intervals permits of much flexibility of work. 

It is true that only a fraction of each entering class 

persists till graduation, as is evident when there are 

twelve hundred students in regular attendance, and 

about two hundred graduated each year, but the loss 

of any class which takes place mainly at the end of 

the first year is due in part to inadequate preparation 

and more largely to a failure of many young men or 

their friends to comprehend what a technical edu- 

eation is, and whether he has any liking or aptitude 

for such work. When all is said it must be admitted 

that life at a technical school is bare and dreary to 

a young’ man who does not enjoy his work; the con- 

tinual grind of distasteful work that is necessary to 

stay in the classes at all usually eliminates those who 

have mistaken their calling at the end of a year, and 

two years finds the classes compact and well drilled 

as a regular army that is accustomed to working to- 

gether. In the work itself there is much pleasure 

and companionship of the best kind for those who, can 

and will bring themselves to a level where the work 

is a pleasure. Hspecially is such companionship 

developed in the latter years, when each in- 

his own chosen specialty meets, daily, and works 

with congenial fellow students, who understand 

and share his trials, aims and ambitions. Friend- 

ships thus formed in the classes of the Insti- 

tute have endured the trial of time, and the class 

associations are maintained and the years are marked 

off by annual dinners and other functions. Then 

there are societies of men in the same course, as the 

Architectural, Biological, and the Civil Engineering 

and HPlectrical Engineering Societies and others. Thus 

far students of the course in Naval Architecture ap- 

pear to have found the daily association in lecture 
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room and drawing room sufficiently society in itself 

and there has been no lack of esprit du corps. So- 

cieties of men from the same city or localities have 

been maintained for many years, such as the South- 

ern Club and the Chicago Club, ete. Bicycle, canoe 

and yacht clubs, glee clubs, mandolin and banjo clubs 

also flourish. Every year the associations for the 

study of French, German and literature give some 

theatrical or other form of entertainment. There are 

many local societies, and also chapters of fraterni- 

ties, ete. Last, but not least, there is the Young 

Men’s “Christian Association, which has a _ society 

house where meetings are held. 

The students maintain a weekly paper during term 

time called “The Tech,’ and the junior class pub- 

lishes an annual called “Technique.” The Institute 

publishes the “Technology Quarterly,” containing ar- 

ticles read before the Scciety of Arts, and productions 

of Technology men of all sorts. Then there is the 

“Technology Review,” published by the alumni. 

The Technology Club is composed of persons from 

the corporation, faculty, alumni and senior class. It 

has a club room conveniently near, where ‘‘smoke 

talks” and other entertainments are held, as well as 

many class dinners ard other reunions. 

There are usually thirty or forty young women 

on the Institute rolls. Many are pursuing specialties 

to fit them for teaching, to enlarge their usefulness as 

teachers. Every year there are a few women gradu- 

ates from the courses in architecture, biology, 

physics, or chemistry. The young women have a 

society of their own and a suite of rooms especially 

fitted up for them. . 

The Institute has a gymnasium, which affords facili- 

ties for all kinds of exercise, with baths, ete., and 

many students make use of the gymnasiums in the 

vicinity, such as the Boston Young Men’s Christian 

Association gymnasium. From the fact that the ma- 

jority of the students are seriously in earnest, and on 

account of serious interruptions that even a few days’ 

absence may make in technical work, the Technology, 

_ Athletic, Football and Base Ball Teams have seldom - 

appeared to good advantage. But in track athletics 

and other lines where individual effort tells the Insti- 

tute has had a gratifying success. 

EXPENSES COVERING TUITION, ETC. 

The tuition fee for regular students at the Institute 

is $200 a year. payable in advance. Special students 

in general pay the full fee, but under certain cirecum- 

stances a reduction is made. There are a number of 

scholarships open to students. Hach student on enter- 

ing the school is required to file a bond for $200 with 

the Bursar, as security for the payment of all charges 

against him. ‘The cost of books, drawing instruments, 

paper and other necessaries averages $30 a year. 

Outside of the school expenses, the cost of board and 

lodging for a student, in the city or suburbs of Boston, 

need not exceed $7 or $8 a week. 

The Institute has no dormitories and does not at- 

tempt to control students out of School hours. Many 

naturally live at home, and others find convenient 

boarding places near at hand. Some societies haye 

chapter houses where their members may reside. The 
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advisability of such a residence depends naturally 

upon the individual and on the tone of the society. 

STUDENT BODY AND FACULTY. 

The Institute is a Massachusetts or even a Boston 

institution, and naturally draws a large proportion of: 

its students from the city and its suburbs, and the 

majority is always resident in the State, but students 

are drawn from all the States and Territories, and 

many come from foreign countries, including the 

United Kingdom, Canada, South America, Turkey and 

Japan. The minimum age of admission is set at 

seventeen years (nearest birthday), but the average 

age of admission is eighteen. Even when a young 

man is prepared at an early age he seldom is suffi- 

ciently mature earlier to get the full benefit from a 

technical course. 

Since the first class was graduated in 1868 and the 

earlier classes were all small, the bulk of the alumni 

is as yet composed of comparatively young men, with 

their fortunes to make. As a rule an institute gradu- 

ate may expect immediate employment at living 

wages, and may make for himself as large a plane 

as he can occupy. Young men in their impatient na- 

tures usually forget that few men attain and fewer 

ean carry large responsibilitity before they are thirty 

or thirty-five years old. 

The course in Naval Architecture is in charge of 

Prof. C. H. Peabody, who was graduated in 1877, was 

made a member of the faculty in 1884 and has since 

developed the work in Steam Engineering, Marine 

Engineering and Naval Architecture at the Institute. 

He is the author of “The Thermodynamics of the 

Steam Engine,” of ‘‘Tables of the Properties of Satu- 

rated Steam,” of “Valvegears for the Steam Engine,” 

and (with Professor Miller) of “Steam Boilers.” 

The faculty is composed with few exceptions 

(among whom are Dr. Runkle, one of the founders 

of the school) of men in the prime of life; a considera- 

ble proportion, especially among the younger pro- 

fessors, are graduates of the school, whose training 

has been broadened by foreign travel and study, by 

experience in practice and by service as teachers. The 

prominent qualities (as with all technical men) are a 

eapacity for work, an enthusiasm in that work and an 

absolute loyalty to the school and the work which 

forbids cliques and shirking. The faculty includes 

such men as Professor Richards, formerly President 

of the Society of Mining Engineers; Professor Cross, 

an acknowledged authority on electricity, especially 

the telephone; Professor Lanza, whose tests on tim- 

ber and other investigations on strength of material 

have formed the basis of much of the modern prac- 

tices of engineers; Professor Swain, a member of the 

Subway Commission, and Professor Dewey econo- 

mist and statistician.. The Institute has been 

specially fortunate in its presidents, beginning with 

Professor Rogers, who was followed by Dr. Runkle, 

one of the founders, and later by General Francis A. 

Walker, who was known as a soldier, economist and 

educator, and now by Professor Crafts, known by all 

chemists for his original investigations, and who, 

aside from these special scientific achievements, has 

a wonderful grasp of the work and needs of the many 

and various lines of technical instruction and investi- 

gation carried on at the Institute. 
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AN ACCOUNT OF THE TMARCONI SYSTEM OF 

WIRELESS TELEGRAPHY. 

BY CECIL P. POOLE, E. E. aN 

The widespread interest created in marine circles 

by Signor Marconi’s developments in wireless, or 

rather etherical, telegraphy, is due, of course, to the 

need for some system of communication between off- 

shore points and the mainland which shall be simpler, 

more reliable, more flexible and less easily disar- 

ranged by extraneous influences than is the existing 

submarine cable and its apparatus. The application 

of Marconi’s system within the limits of this 

special field of work is undoubtedly important and 

its advantages many. The wild claims of unlimited 

pessibilities, however, made for Marconi’s system by 

irresponsible publications are absurd and quite in 

keeping with the usual newspaper prophecies con- 

cerning scientific developments. Controlling ships at 

a distance, signaling across the Atlantic, displacing 

the land lines and similar impractical feats have been 

included as within the alleged scope of space teleg- 

raphy. A moment’s consideration of the underlying 

principle of the system will suffice to expose the 

fallacy of such hasty prognostications. i 

If an electric current be sent through a wire, mag- 

~ \ 
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netic lines of force are set up concentric to the wire, 

as indicated by Fig. 1. These lines have no specific 

limit, but the lines farthest from the wire are weaker 

than those near it because their path is longer. With 

a steady current the lines remain unchanged, but 

with a varying current the circles enlarge and con- 

tract as the current increases and decreases. If an’ 

alternating current be sent through the wire, the 

magnetic circles expand and contract with each im- 

pulse of current, reversing their direction around the 

wire (not their projection into space) with each re- 

versal of the current flowing in it. Now, if another 

wire be set up parallel with the current-carrying wire, 

an electromotive foree, alternating in polarity, will be 

induced in it by the expansion and contraction of the 

magnetic circles set up around the first wire, the mag- 

netic lines or waves impinging upon the second wire 

or being “cut” by it. This is roughly what happens in 

the Marconi system. 

A vertical wire is supplied with rapidly recurring 

charges of electricity by au induction coil, and corre- 

spondingly rapid magnetie oscillations are set up 

which progress into space perpendicularly to the ver- 
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tical wire, or substantially so. These waves or Os- 

cillations impinge upon a distant vertical wire and 

induce a current flow in it. The current is so feeble, 

however, and the oscillations are so rapid that ordi- 

nary apparatus will not respond to the induced cur- 

rent, hence a deyice known as a coherer is used for 

this purpose. 
A closed circuit is not employed at either end, be- 

cause equal lengths of the circuit would be substan- 

tially parallel and the waves propagated in each 

would almost entirely neutralize those in the other. 

Instead, the vertical wire is charged electrostatically 

(condenser fashion), the relief of the electrical stress 

between the upper end of the wire and the earth being 

crudely represented in Fig. 2 by lines streaming be- 

tween the two extremes. The induction coil and other 

apparatus are located as at A. The magnetic circles 
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or waves may be considered as being created in 

planes or “layers” at right angles to the ‘sending 

wire,” or projecting out into space in straight lines 

from the points of propagation. These waves, lines, 

or whatever one chooses to call them, are susceptible 

to reflection, somewhat like light rays, and, conse- 

quently, are liable to disturbance or deflection by in- 

tervening bright surfaces. Their magnetic character 

renders them also liable to disturbance by large in- 

tervening masses connected with the earth, such as 

iron buildings, mountains, ete. 

Moreover, they are obviously not possessed of voli- 

tion and cannot turn corners, climb hills, skip along 

the surface of the earth or sea, or perform any simi- 

lar antics which they would need to do to. possess the 

wonderful.attributes ascribed to them in many quar- 

ters. It is plain, from the foregoing, that the trans- 

mission of signals by these waves is limited by topo- 
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graphical and physical conditions to a certain degree; 

if an obstruction, such as a hill or the curvature of 

the earth, interyene between the points of communi- 

cation, the vertical wires at each end .must be of 

such a height as to afford an unobstructed path be- 

tween a considerable length of their upper portions. 

Hence the impossibility of signaling across the ocean 

with the present system. 

Another drawback to the system thus far is the 

general accessibility of the transmitted waves. Any 

receiving station within the radius of range will be 

affected by the signals, unless a reflector be used at 

the transmitter and a similar one at the receiver. But 

where reflectors are used the vertical conductors 

necessary to long-distance signaling are eliminated, 

so that privacy is secured only at the sacrifice of the 

principal desideratum, linear range of action. 

Notwithstanding the inability thus far to combine 

the two most desirable features, the system is capable 

of very great benefit to marine signaling, as in- 

stanced iby theinstallation at the South Foreland light- 

house, off the British coast. Here signals sent to the 

French coast affect the instruments on the Goodwin 

lightship, but this is not objectionable, because each 

station has a specifie “call,” just as telegraph offices 

along land lines do, and unless one is ‘“‘called”’ first no 

attention is paid to the signals. It is doubtless in this 

realm of coast signaling that wireless telegraphy will 

prove most valuable. ‘There is no particular reason 

why Signor Marconi’s apparatus should not supply 

the requirements of such service. 

The apparatus for general signaling (as distin- 

guished from the reflected or restricted waves) is 

simple to crudity. The transmitting apparatus com- 

prises an induction coil, a battery, a signaling key, 

two discharge balls and a vertical conductor. Vig. 3 

shows the arrangement semi-diagrammatically. The 

induction coil, J, is an ordinary 10-inch Ruhmkorff 

coil, with a vibrator, v. The battery B is made up 

of ordinary dry cells, a sufficient number being em- 

ployed to give about 14 volts. One of the discharge 

knobs dd is connected to earth (or water) and the 

other to the vertical conductor W, which preferably 

terminates in a metallic plate or sphere, but not neces- 

sarily. 

The receiving apparatus is shown by Fig. 4, where 

C is a “coherer,’’ connected in between the vertical 

conductor W and the earth, as were the discharge 

knobs in Fig. 8. This coherer serves as a circuit- 

closer for the local circuit through the relay R, bat- 

tery B2, and coils GQ, whose function will presently 

appear. The relay F& controls a sub-circuit comprising 

a register or sounder S, its battery 6 and a vibrator 

V, the latter being connected in multiple with the 

sounder S. The sounder and vibrator are “shunted” 

by non-inductive resistances ss. 

The coherer is a glass tube, about 1-4 in. dia. and 

11-2 in. long, with two metal stoppers, between 

which is a quantity of silver and nickel filings. These 

filings ordinarily offer a very high electrical resist- 

ance, so that normally the battery current cannot get 

across in appreciable volume, and the telegraph in- 

struments lie idle. When the key K at the sending 

eud is closed the induction coil operates to charge 
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O the vertical wire W and its terminal with 

rapidly alternating charges, each discharg- 

ing across the gap from d to d. These 

charges or oscillations propagate waves 

which set up a corresponding action in the 

vertical wire W at the receiving instru- 

ment, aS previously explained. The pas- 

sage of the discharges through the co- 

herer CG causes its contents to cohere, 

ereatly reducing the electrical resistance 

between its terminals, so that current from 

the battery B2 can flow and energize the re- 

lay R, which in turn actuates the sounder 

S and the tapper V. This tapper or vibrator 

simply serves to jar the particles within 

the coherer and cause them to separate 

when the oscillations up and down the ver- 

tical wire W cease. As a matter of fact it 

separates the coherer particles while cur- 

rent is passing, but they cohere again 

between the blows, and although the cir- 

cuit of the relay is broken and closed by 

this action a great many times per second, 

the sounder S is not affected because of the 

inertia of its lever and the time constant of 

its magnets, which unite to prevent the 

TE 
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lever from following the rapid flutterings of the relay 

lever. A more positive relief from possible disturb- 

ance due to the effect of the tapper upon the relay cir- 

cuit would be afforded by the use of a polarized 

sounder or register, affected only by current reversals 

and not by making and breaking its circuit. 

The coils QQ are highly inductive, but of low resist- 

ance, so that they do not impede the relay current 

greatly, but serve to ‘‘choke” back the oscillating cur- 

rents discharged by the wire W and force them to 

travel through the coherer instead of allowing them 

to be wasted in the relay circuit, where they would 

be inoperative because of their small volume and al- 
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ternating polarity. The shunts sss are used to pre- 

vent sparking at the various contacts by reason of the 

self-induction of the magnets, and also to prevent the 

exertion of disturbing inductive effects upon the co- 

herer, which, it will be remembered, is extraordinarily 

sensitive. j 

When the signals are to be made selective, the co- 

herer is mounted in front of a re- O 

flector, as shown in Fig. 5, which 

restricts its responsiveness to those 

waves that approach from in front. 

The vertical wire is taken off, as its 

presence would, of course, render 

the reflector at the coherer useless. 

The coherer is further supplied with 

“syntonizing”’ strips of copper ce, 

which must be of such length that 

their natural rate of vibration is in 

accord with the frequency of the 

oscillations to be received. This 

necessity for fine adjustment con- /;w 

stitutes a serious drawback to the 

use of the selective system. With an 

ordinary induction coil, several 

things affect the ‘frequency.’ A 

slight variation in battery strength, 

change of temperature in the vi- 

brator tongue or a touch of the 

contact screw may throw it out of 

syntony with the receiver. When 

a reflector is used behind the co- 

herer, a similar one is used behind 

op= SQ 
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the discharge knobs of the induction coil at the send- 

ing end, as shown by Fig. 6, and two auxiliary 

spheres are used to give three discharge gaps in- 
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stead of one. ‘Lhe vertical wire and earth connec- 

tion are omitted here also for the reason given be- 

fore. 

Of course each station must have both signaling 

and receiving apparatus, but only one vertical wire is 

necessary. The sending and receiving instruments 

TO RELAY 
Orso 

nIaTO RELAY 
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Fic. 6. Fig. 5. 

are not connected to the vertical wire simultaneously, 

however. Referring to Figs. 3 and 4, the letters f 

and g indicate points at which the connections are 

changed. A switch is provided which, when thrown 

one way, connects the vertical wire to the transmit 

ting apparatus at f, Fig. 8, and when thrown the 

other way breaks this connection and transfers the 

vertical wire to the coherer circuit at g, Fig. 4. The 

coherer is enclosed in an iron box, so that its prox- 

imity to the induction coil will not result in serious 

disarrangement when the operator is sending signals. 

One immense advantage of the vertical wire system 

is the ability to locate the instruments in any conyven- 

ient spot. With the reflector system the instruments 

must not be shielded by objects which act as re- 

flectors to the waves. 

The applicability of the Marconi system to marine 

signaling is obvious. Lighthouses and vessel masts 

lend themselves peculiarly to the installation of the 

apparatus by affording an ideal location for the ver- 

tical wires, and once these are established the ar- 

rangement of the instruments is a simple matter. The 

practical advantages of the system will be evident to 

those interested. Ships can signal to each other and 

to shore stations over distances of 5 to 15 miles, ac- 

cording to the height of their masts and communi- 

cation between lightships and shore stations can be 

maintained regardless of climatic conditions. ‘The 

system is not affected by weather, temperature, light 

or darkness, which of course immensely enhances its 

value aS a means of communication in exigencies. 

Moreover, no peculiar skill is necessary to the ma-- 

nipulation of the vertical wire system, any intelligent 

person being capable of learning to handle the ap- 

paratus in a short time. An inherent disadvantage 

is the inability to transmit more than one set of 

waves simultaneously within a given range, so that 

during fleet evolutions only one yessel can signal at a 

time. Tor the mercantile marine the advantages of 

such a means of communication, as for example, ves- 

sels passing at sea, or approaching land in a fog, are 

so great that should further experiment place the 

system on a practical workaday basis, its adoption 

will doubtless be widespread and immediate. 
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RECENT FULL POWER TRIAL OF THE U, S. 
BATTLESHIP MASSACHUSETTS. 

The battleship Massachusetts, with the other ships 

comprising Admiral Sampson’s squadron, underwent 

a four-hour trial run recently, on the way from St. 

Pierre, Martinique, to San Juan, Porto Rico. The 

first two hours were under natural draught and the 

last two with forced draught. As the Teras and Indi- 

and participated in the trial, an unofficial race took 

place and it is reasonable to suppose that every ship 

was doing its best. Under these conditions therefore 

it is interesting to compare certain data taken from 

the official log of the builders’ trial of the Massachu- 

setts with similar data taken during this run. 

Three years have elapsed since Cramps drove 

her for four hours at a speed of 16.75 knots and de- 

veloped 10,127.88 horse power. During that period 

the Massachusetts has performed the usual routine 

work of ships on the home station ‘besides taking part 

in the Cuban operations. Since then her stacks have 

been lengthened 10 ft. and her draught greatly im- 

proved thereby. Bilge keels have been fitted also, 

about two-thirds of her length. With these two ex- 

ceptions she is practically the same ship as the 

Cramps turned over to the Navy Department in June, 

1896. 

The accompanying data taken during the four-hour 

run, while not official, were taken by a member of the 

engine room staff and can be relied on as accurate. 

All boilers were in use, including the two auxiliary or 

donkey boilers. The latter were used to supply 

steam for all the auxiliary engines, such as dynamo, 

blowers and feed pumps. The main boilers were un- 

der natural draught from 7.10 A. M. to 9.10 A. M. and 

under :75. in. of air pressure from 9.10 A. M. to 11.10 

A. M., when the trial ended. The maximum I. H. P. 

developed during the run was 7,700. In comparing 

the run with Cramps’ trial, it would be well to take 

into consideration the different conditions prevailing. 

The official trial took place in the month of April off 

the Massachusetts coast, while the last run was made 

in tropical waters. The temperature of the fire rooms 

was high, and showed a difference of 59 deg. over 

that registered during the official trial, and there was 

also a temperature difference in the injection water 

of 87 deg., as will be noticed on inspection of the ac- 

companying data. The run in every way was a com- 

plete success. The engines worked smoothly, and the 

boilers stood the strain of two hours’ forced draught 

without showing any signs of weakness. A set of 

cards for each engine is printed on the next page. 

Each ship of the five taking part had thirty minutes 

start of the next one fcllowing. The battleship Indi- 

and got away first, followed by the battleships Massa- 

chusetts, Texas, and the anchored cruisers Brookiynand 

New York. The Massachusetts overhauled the Indiana, 

left the Texas out of sight and was two miles ahead of 

the New York when her four hours were finished. The 

New York overhauled and passed the Brooklyn, while 

the surprise of the day was the manner in which the 

Indiana left the Texas behind. 

The Massachusetts is classed as a seagoing coast- 

line battleship and is equipped with two 13 in. and 
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four 8 in. barbette turrets. She is 348 ft. long on the 

Her normal coal supply is 400 tons and her total bun- 

ker capacity is 1,597 tons. 
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CONSIDERATION OF THE INDICATOR AND ITS 
USES ON BOARD SHIP—IV.* 

BY R. W. JACK. 

To find any other point on the curve between the 

points already obtained, say when the crank arm 

makes an angle of 45 Gegrees with the center line of 

engines on either side of its mid position, it becomes 

necessary to compare the acceleration produced dur- 

ing the 45th degree, and this we find by comparing 

the mean velocities during two consecutive degrees, 

yiz., the 44th and 45th. The mean velocity during the 

44th degree in the first quadrant is equal to the dis- 

tance traveled by the piston during such degree. Let 

d,, d, and d, be the distances moved by the piston 

from rest at the end of the 438d, 44th and 45th de- 

grees, and y,, #. and 7, the angles which the connect- 

ing rod makes at these points with the line of centers. 

The mean velocity of the 44th degree is 

. — d, = [ (vers 45°) + (4 vers y,) ] — [vers 440 + 

Reyes (4 vers y,) ] 
“Deine the 45th degree we have 

d,; = sada = [ (vers 46° + (4 vers y,) ] — [vers 45° + 
(4 vers y,) | 

To find the angle y and its versed sine we make 

use of the table of natural sines, ete. In the right 

angled triangles (Fig. 12) B C D and A C D where C D 

is the common perpendicular 

sin y ; sin w ::; crank A D ; con. rod BD, .*. siny = 

sina x AD ., sin45 <1  .7071068 X 1 

BED Se So 4 z 4 me 
1767767, 

the angle corresponding to which is 10° 11’ (approxi- 

mate) and the vers is = .0157490. The versed: sides 

of-angles 44°, 45° and 46° are respectively .2806602, 

2928932 and .3053416, and the angles y,, y, and y, of 

the connecting rod corresponding to the angles 44°, 

45° and 46° of the crank are approximately 10°, 

10° 11’, and 10° 22’, the versed sines of which are— 

0151951, .0157490 and .0163032. ‘The mean velocity 

of the piston, or the distances it has traveled during 

the 44th degree of the crank, is therefore - 

d, -— d, = [.2928932 +- (4 « .0157490) J— 

[.2806602 + (4  .0151951) ] 

GC = .3558892 — .3414406 = 0144486 ft. 

The mean velocity during the 45th degree is 

d, — d, = [.3053416 + (4X 0163032) J— 

[. 2928932 + (4  .0157490) ] 

a6 = .3705544 — .3558892 = .0146652 ft. 

The difference of the mean velocities during the 

14th and 45th degrees is therefore 

.0146652 — .0144486 = .0002166 ft. 
This, then, represents the acceleration imparted, or 

the increase in the mean velocities during the 45th 

degree in the first quadrant of the crank pin circle. 

We have found the ferces in pounds per square inch 

of piston area required to communicate to the piston 

its initial velocity at both extremities, that is the ac- 

celerating force on the one side and the retarding 

force on the other. In the example we are now con- 

sidering we have found them to be respectively 38.1 

Ib. and 22.8 Ib, per square inch. We have also stated 

*From a paper read before the Institution of Engineers and Ship- 
builders at Hong Kong. 
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that the distances traveled by the piston during the 

first and last degrees of the down stroke of the crank 

are .0001904 ft. and .0001442 ft. Vaking the former 

for comparison, and assuming the piston to fall this 

distance from rest, the mean velocity is again 

represented by this distance; but in the case of a body 

falling from rest the terminal velocity is twice the 

mean velocity, i. e., if v be the terminal velocity, V 

the initial eae and # the mean, then 

= VA - " and OS Wo = O) @ =F or D == Bi 

The terminal velocity is therefore, at the end of the 

first degree .0001904 > 2 = .0003808 ft. per second, and 

the acceleration duriug this interval is equal to the 

difference of velocities, thus, .000380 — o = .0003808 ft., ° 

because the piston has moved from rest. An acquired 

acceleration of .0003808 ft. per second is represented 

by a force of 388.1 lb. per square inch of the piston 

area, and as forces are proportional to the accelera- 

tion produced in a given time the force required dur- 

ing the 45th degree ig! 

.0003808 ; .0002166 ;: 38.1 : #;.°. x = 21.6 lb. per sq. in. 

To find the force exerted by the crank pin in arrest- 

ing the velocity of the piston, etc., at an angle of 45° 

of the crank with the line of centers in the second 

quadrant, we proceed in the same way. If as before 

d,, d, and’ d, represent the total distances of the pis- 

ton from the bottom end of its stroke at angle of 

44°, 45° and 46° of the crank with center line of en- 

gines, then the mean velocity or distance trayeled 

during the 44 degrees is 

d,—d, = [vers 45°— (4 vers 7.) ]—[vers 44°— (4 vers y,) ] 

“= [ 2928982 — (4. .0157490) ] — [.2806602 — (4 « 

.0151951) ] 

= .2298972 — .2198798 = .0100174. 

During the 45th degree the mean velocity is 
d, — d, = [vers 46° — (4 vers y,) ] —[vers45°— (4 vers y,) ] 

«= [.3053416 — (4 >< .0163032) ] — [ .2928932 —(4« 

-0157490) ] 

“= .2401288 — .2298972 = .0102316. 

The retardation at this point on the down stroke 

is again proportional to the difference of velocities, 

e., .0102316 — .0100174 — .0002142, and stating it as 

before in comparison with the initial force and ac- 

celeration, we have 

.00038808 : .0002142 ; 

4 .0002142 
% = sehll 0003808 = = 21.4 lb. per sq. in. 

We thus haye Saree located five points on 

the curve, viz., 38.1 lb. at the beginning, 21.6 Ib. at 45° . 

in first quadrant, zero on the back pressure line 

1.476” from center, 21.4 lb. at 45° in the second quad- 

rant, and 22.87 lb. at the end of the down stroke. - 

Those points should be marked off from the base or - 

line of counter pressure to the same seale as that of 

the real diagram and at a distance from either ex- 

tremity of the indicator card equal to that found by 

the formula, 

d= vers « — (4 vers y) or d, = vers « — (4 vers 7) 

where d is the total distance from the top end, and d, 

is the distance from the bottom. 

In our present example the only angles taken were 

45 degrees in each quadrant, @ was found to be 

3008892 feet, and d, .2298972 ft. It only remains to 

draw the curve. 

ce 

: 38.1 8 GR, 
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IMPROVED APPARATUS. 

Sarvent [Marine Gasoline Engine. 

The accompanying cut shows a Sarvent Marine four 

cycle gasoline engine which the makers claim to be 

superior to and more reliable than any built on the 

two cycle system. They are built with one, two, three 

or four cylinders. The design is neat, compact and 

simple. The cylinders are entirely enclosed by one 

water jacket, which connects with the water jacket in 

the head. Whe base is entirely enclosed and contains 

oil and water in which the cranks slush, thus making 

all interior mechanism and crank bearings self-lubri- 

eating. The piston is so constructed as to always 

carry oil that is slushed into it by the crank from 

the base, and thus it lubricates the cylinder at every 

point of the stroke. ‘The circulating water is dis- 

charged from the head through a special port and out 

through the exhaust pipe, keeping the pipe always 

cool. ‘The exhaust is carried directly under water, 

SARVENT MARINE ENGINE. 

without the use of a muffler of any kind, thus prevent- 

ing objectionable noise and odors. “he compactness 

of this engine peculiarly adapts it for auxiliary work 

iv sailing vesseis. The engine works under low com- 

pression, thus reducing vibration and permitting the 

use of a lighter fly-wheel and the running of engine 

at a lower speed. The speed of the engine is con- 

trolled by throttling the air valve, which, for con- 

venience sake, may be located in the bow of the boat 

near the steering wheel. The gasoline tank is placed 

ip the bow of the boat, underneath the forward deck. 

A pump is provided to keep a constant supply of oil 

in a small siphon cup located directly under the 

induction valve and provided with an overflow pipe, 

which prevents flooding. ‘Nhe overflow returns into 

the main feed pipe back of the check valve. Air and 

gasoline meet in the siphon chamber; the mixture is 

instantly vaporized and the vapor then passes into 

the cylinder in an even charge. The igniter is what 

the makers term a snap-break contact, with platinum 

contact points. The points are so arranged that the 

charge passes over them on its way to the cylinder, 

keeping them cool and preventing oxidation. It is 

provided with an early and late trip. In starting the 

trip is thrown out, causing the explosion to take place 

after the piston passes over the center on the down- 

ward stroke, and thus avoiding any backward kick of 

the fly-wheel. The mode of ignition is claimed to be 

one of the principal advantages of this engine. It is 
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manufactured by the Sarvent-Crider Marine Engine 

Co., 105 West Monroe street, Chicago, Ill. 

Revolution Counter. 

A neat and very compact form of engine revolution 

counter is shown in the accompanying engraving. 

This counter has five dials; the first dial has a duplex ~ 

driving mechanism which is one of the important 

PRATT & WHITNEY REVOLUTION COUNTER. 

features, comprising a pawl and ratchet dial actuator, 

also an escapement driving device working in unison 

with the ratchet device. The result is absolute cer- 

tainty of action. The escapement is of such a charac- 

ter that it not only serves to limit the movements of 

the other parts—so there can be no overthrow—but, 

should the pawl fail to act, it performs for the time 

the entire work of operating the dials. The counter 

is of special interest as an instrument of precision. 

It is manufactured on the “interchangeable system,” 

by a plant constructed especially for it, and made by 

the most approved methods of watch-tool manufac- 

ture. The working parts are contained within a 

plain but neat and substantial case—positively ex- 

cluding all dust and protecting the works against all 

ordinary accidents. The Counter is manufactured 

and sold by The Pratt and Whitney Co., Hartford, 

Conn., U. S. A. 

Diaphragm Suction Pump. 

An improved form of diaphragm pump is shown in 

the engraying printed herewith. The lever is re- 

versible and can be used at the back of the pump or © 

GOULD DIAPHRAGM PUMP. 

on either side. The lower valve is made of metal, 

rubber faced, and is easy of access and readily re- 

movable. The waterways are large and easy. First- 

class materials alone are used in the construction; the 
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diaphragm, which takes the place of a plunger, being 

of selected rubber. Pumps of this pattern are par- 

ticularly adapted for pumping water containing mud, 

sand, gravel, sewage, coal, chips or any semi-fluid 

matter. They are fitted with bottom suction for use 

in places where they can remain stationary, as on 

vessels, barges, dredges, wharves. Pumps of similar 

pattern are built with side connection for hose or 

pipe. The capacity of the pump shown is about 3,000 

gallons an hour, the pump having a 12 1-2 in. dia- 

phragm and 38-in. suction pipe. These pumps are 

manufactured by The Goulds Manufacturing Co., 

Seneca Falls, N. Y. 

Adjustable Bevel Band Saw. 

The accompanying engraving illustrates a new ad- 

justable bevel band saw just introduced by the Amer- 

ican Wood Working Machine Co., and built at their 

Williamsport Machine Co. factory at Williamsport, 

Penn. This machine is intended for all classes of 

band sawing where heavy stock is to be sawed bevel- 

ing, and is specially adapted to the uses of shipyards. 

The main frame is very heavy and rigid, having cored 

sections, and is cast in one solid piece. Wheels are 

40-in. dia. and 2 1-2-in. face, with wood rims built up of 

eants turned off true, covered with rubber and per- 

fectly balanced. Hub and spokes are cast in one 

piece, to which the wood rims are securely bolted, 

making the best wheel that can be made. The 

spokes cannot get loose, as is often the case where 

the spokes are made separate and fitted into the hub. 

BAND SAW FOR SHIPWORK,. 

The top wheel can be adjusted to saw from square to 

an angle of 45 deg., either by means of the crank 

shown at the base of the machine, or by a hand wheel 

at the opposite side; and both top and bottom wheels 
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are adjustable for tracking the saw on the wheels. 

The upper guide is fitted with a steel roller for the 

back of the saw to bear against, and has hard maple 

guides to run against the face of the saw. The table 

is iron, and is provided with an iron roller at front 

and rear for relieving friction on the table when saw- 

ing heavy stock. Adjustable iron plates are fitted 

into the table to close the opening when saw is ad- 

justed. The shafts are very heavy and run in long 

bearings lined with good babbitt metal, and the lower 

shaft is provided with a bearing outside of the tight 

and loose pulleys. The machine will receive lumber 

up to 17 in. thick and will carry saws up to 21-2 in. 

wide. Further information can be had upon applica- 

tion to any of the branch offices of the company, or to 

the New York headquarters, 80 Liberty street. 

Shepherd Automatic Engine. 

(he Shepherd Vertical Automatic Engine was de- 

signed with a special view to direct connection to 

electric generators and other fast running machinery, 

such as fans, pumps, blowers, ete. It combines, with 

simplicity of construction and symmetry of form, the 

greatest degree of rigidity and strength... While rep- 

resenting concentrated power in the minimum space, 

convenience and accessibility to the working parts 

liave not been sacrificed in obtaining compactness, 

nor has simplicity been gained at a loss of efficiency. 

The Shepherd engine is compact in the sense of being 

convenient and easy of. access without any waste of 

space, and at the same time rigid and self-contained. 

It is simple in that it consists of but few parts, and 

all wearing surfaces are provided with the most ac- 

curate adjustment for taking up wear. ‘The sim- 

plicity, the high speed at which it is capable of being 

run, the general good design and liberal wearing sur- 

faces, and the very small space a given power occu- 

pies, make this engine particularly desirable for driv- 

ing direct-connected generators for lighting on steam- 

ships, yachts and ferry ‘boats, as well as for power or 

lighting purposes at wharves, docks or other isolated 

stations. The engine is clean and neat in operation; 

not a drop of oil need be thrown about on the engine- 

room floor or walls. The bed and frames are of cast- 

iron, well ribbed and braced, and within them 

are contained the cross-head guides, the main 

bearings and the valve gear support, thus mak- 

ing it impossible for the working parts to 

get out of line, except for wear, and adjustment 

for this is provided. The back frame contains the 

guides and the rocker-arm bracket, and it supports the 

cylinder when the front frame is removed to take out 

the erank-shaft, if need be. The cylinder and steam 

chest are cast together. ‘The cylinder barre] and 

both top and bottom heads are jacketed with an air 

space or some non-conducting material. The valve is 

double ported for both steam and exhaust; and it is 

self adjusted for steam tightness, thus automatically 

following up all wear. It is also collapsable and acts 

as a relief valve in case of water in the cylinder. The 

governor is of the well-known Shepherd type, which 

gives remarkable results in the way of close regula- 

tion. It combines simplicity with freedom from dirt, 

no oil being used about it in any way; and there is no 

noise or pounding even after long use. The crank- 
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shaft is of solid steel, correctly counterbalanced. Tihe 

crank pin and main bearings are of very liberal pro- 

portions, and they are automatically oiled by means 

of ring or chain oilers, which keep a continuous 

stream of oil running over them at all times. ‘The 

piston rod, connecting rod, valve and eccentric rods, 

pins, bolts, etc., are all of steel, accurately machined. 

The cross-head is of phosphor bronze or cast steel. 

The engine is built by the American Fire Engine 

Company, Seneca Falls, N. Y., and is made in both 

simple and compound types; the latter, both cross and 

tandem styles, being adapted either for belted or for 

direct connection. Our illustration shows the type 

covering a range of sizes from 75 to 200 horse power. 

Electric Ventilating Fan. 

Although the propeller or wing type of ventilating 

fan has been equipped with various types of electric 

motors, the design of these motors has hardly re- 

ceived the attention demanded by the importance 
of the work performed by such machines. The B. F. 

Sturtevant Co., of Boston, Mass., has of late been giy- 

ing the entire subject very thorough investigation, 

and is now presenting an entirely new type of fan 

wheel and of direct connected motor, as shown by the 

accompanying engravings. 'The wheel has been de- 

signed to secure the highest efficiency, and consists, 

in the size shown in the illustration, of eight blades, 

secured to a light but stiff hub, and held in their 

relative positions by a hoop at the periphery. The de- 

livery edge of the fan wheel is helical, so that the air 

is picked up at the inlet edge at low velocity, and 

gradually accelerated to its maximum velocity with 

the least amount of slip. The motor presents special- 

ly interesting features, and from the accompanying 

description it is clear that the design is the result of 

most careful study. Manifestly to produce a mo- 

tor having low temperature rise, it is imperative that 

the efficiency be made as high as possible. Hereto- 

fore the name of enclosed motor coupled itself in- 

stinctively with high surface temperature of enclosing 

ease, but in the present motor the temperature rise 

after 10 hours’ run is 27 to 80 degrees Fahr., against 

60 to 80 degrees Fahr., a figure frequently met with in | 

practice. This low temperature rise has not been ob- 

tained by increasing the size or weight above any of 

the existing types, but by designing, the motor to ful- 

fil the following conditions: (1) The production of a 

magnetic field of the greatest possible quantity in 

proportion to the rated horse power. (2) The excita- 

tion of this field with the least possible consumption. 

of energy. (8) Suitable material for poles to elim- 

inate eddy currents and heat loss therein. (4) Pole 

pieces of such design as to prevent distortion of mag- 

netic field by armature flux and the consequent low 

reduction of the self-induction of the armature 

coils. (5) Arrangement of magnetie circuit such 

that the leakage is small. (6) An armature in 

which the core and resistance losses are reduced 

to a minimum. The first requirement is fulfilled 

by using soft and highly permeable sheet iron 

stamped to the required form and assembled to 

the correct thickness. The use of laminated iron sat- 

isfies the demands of small exciting energy and elim- 
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ELECTRICALLY DRIVEN FAN. 

inates eddy currents and heat losses in pole pieces. 

The shape of the pole pieces shown in the cut imposes 

so great reluctance to armature flux that its dis- 

turbing effect at full load is negligible, and at the 

same time lowers the self induction of armature coils 

by the fact of the pole pieces being saturated. The 

conditions of small leakage of magnetic flux are met 

by having the poles, or parts in magnetic circuit, 

possessing great differences of magnetic potential, 

of small area and placing the exciting coils as close 

to the armature as possible. The observed leakage in 
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this machine is less than one-half that of many of the 

types in use. To reduce the core losses, only the best 

quality of annealed sheet iron is used, the plate being 

japanned before assembling on shaft to avoid eddy 

eurrents. The resistance and amount of copper on 

the armature core is, of course, comparatively small, 

on account of haying a magnetic field of great quan- 

tity, as before mentioned. By observing the condi- 

tions above enumerated in the design of this type of 

motor, an efticiency of over 80 per cent is obtained at 

brake, and this in a 1-2 K. W. 500 volt motor running 

1.300 R. P. M. ‘Lhe sparking attendant on changes 

of load has been entirely eliminated, so that a load 

of 175 per cent of rated capacity of motor may be 

earried with absolutely no sparking, the position of 

brushes remaining unchanged. This feature, com- 

bined with small temperature rise, allows of tempora- 

ry overloads being carried with impunity. Referring 

to the cuts it is observed that the arrangement for 

supporting the brush hcelders is a departure from ex- 

isting methods and gives great rigidity to brush-hold- 

ers. ‘The leads to the brushes are brought through 

from the rear, thus doing away with any dangling 

connecting wires. The brushes are of hard carbon 

in holders of a modifica reaction type that allow of 

easy adjustment when it becomes necessary to re- 

verse the direction of rotation of the motor. In such 

a ease the field connections are reversed at the ter- 

minal block. These motors are built in the two pole 

type in sizes of from 1-4 to 8 H. P., and in a similar 

type, but multipolar up to 20 H. P. All of these mo- 

tors are also built as independent machines, and are 

particularly convenient for the operation of small ma- 

chines, tools and the like. The fan wheels with con- 

nected motors are constructed in sizes from 18 in. to 

120 in. 

STUKTEVANT PROPELLER TYPE VENTILATING FAN, 
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CAREFULLY prepared comparative state- 

A ment of the conditions of American shipping 

andshipbuilding, from Revolutionary times down to 

the present year, will be found in another part of 

this issue, together with the author’s views of the 

future. By the aid of graphic illustration, he has 

stated the case so plainly that at a glance the his- 

tory of the subject can be read. These tables are 

of immense interest as showing, unobscurely, not 

only the past and present position of the country, 

but also the general trend of what we may term 

marine affairs. An inspection of the charts will 

show that, with a single exception, the “peak” con- 

dition of American maritime interests was attained 

at the time of the Civil War, and that since there 

has been a tremendous “drop,” with a recent 

upward tendency. The exception is the coasting 

trade, which at the close of 1898 had reached 

nearly 4,000,000 tons, the greatest amount in any 

year in our history of navigation. Though it is 

generally understood that the Civil War was the 

chief cause of the decline of the American mer- 

chant marine, the immediate effect of that war is 

‘resent a loss of about 280,000 tons. 
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not so generally realized. This is vividly depicted 

by the table of “American tonnage sold to foreign- 

ers,” in which the Civil War period is shown to rep- 

The energy 

and capital which were diverted from marine pur- 

suits during that period of strife have, to a con- 

siderable extent, remained away. After the war 

both found an outlet in the development of the 

West; a development which really, as a display of 

national energy and enterprise, more than offsets 

the decadence of shipping interests. Railroads 

absorbed the mechanical ingenuity of the people, 

and provided an outlet for speculative capital; and 

the tremendous number of public works of every 

description that followed in the train of civiliza- 

tion also gave ample opportunity to engineering 

science and the mechanic arts. But for this 

reaching out westward the coal and iron, which 

now can be laid down at any point with cheapness 

and despatch, would not be available in the present 

abundance. Now, however, that this period of 

exploration is completed and the country is reach- 

ing out across the waters, both in trade and soy- 

ereignty, the same cry for means of communication 

goes up that was heard from the Western pioneer. 

With the men and the material, and the tre- 

mendously greater capital available, will not this 

ery be responded to as adequately on the sea as on 

land? There are differences in the situation 

as wide as the differences between the means of 

communication on land and sea, but there is the 

same ultimate result—transportation. Chief, of 

course, among these differences is the question of 

competition, which on sea is not between one cor- 

poration and another of one kind, but among 

widely different peoples, each striving desperately 

to hold what they own and get all the benefit of 

the natural growth in the world’s over-sea trade. 

It is this feature which makes some form of State 

aid or encouragement a necessity when the weak 

(as individuals) come into direct competition with 

the strong. Our author, Geo. R.MeDermott, N. A., 

who comes to the subject equipped with an exten- 

sive professional experience on the Clyde and a 

long study of the conditions in the land of his 

adoption, advocates a system of bounties. With 

that clear insight which his former coutrymen are 

famed for, he looks past the gilded liner and sees 

in the dingy tramp the real foundation for a mer- 

chant marine. It is to this type of vessel, which 

carries cheaply and well the product of our mills 

and farms to foreign lands and brings back raw 

materials, to be in turn reshipped, that we must 
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look for a proper solution of the problem. An- 

other plan of State encouragement is suggested by 

a writer in the current issue of 7’he Atlantic Month- 

ly, and in proposing a remedy for present condi- 

tions he says: 

The first step in this direction should be the for- 

mation of a body similar to the British Board of 

Trade, or a Department of Merchant Marine like the 

Department of Agriculture, in order that the interests 

of shipowners and seamen and all maritime matters 

may receive particular and constant attention. The 

head of this department should be a Cabinet officer. 

He should be chosen to his position by the advice of 

the chambers of commerce, shipowners and ship 

masters’ associations of the country. ‘The depart- 

ment should have under its control all seaboard con- 

suls, who should be chosen from past officers of the 

boards of trade, naval officers, and shipmasters, and 

should hold theiz office until incapacitated by age. 

It should inspect, while building, every vessel put to- 

gether in American yards, performing this service 

without expense to the owner. Hxaminations for the 

positions of master, mate and engineer should be part 

of its duty. But this is only in the line of general 

improvement. Something more specific and radical is 

needed to place the United States on an equal ma- 

rine footing with England—some measure that will 

protect and invigorate the industry without being a 

protective law. To that end, it is suggested that in 

connection with the Cepartment there should be a 

liberal system of marine insurance. Every ship built 

under government inspection and engaged in foreign 

trade should have her hull insured free; the depart- 

ment with the United States Treasury behind it act- 

ing as underwriter. And all cargoes carried by over- 

sea routes under the American flag should be insured 

at a lower rate than that offered by foreign insurance 

companies. 

There are wide and honest differences of opin- 

ion as to the best means of resuscitating the mer- 

chant marine. With the admitted necessity for 

action, and the diversity of methods proposed, the 

most sensible plan, it seems to us, would be the 

appointment of a Federal commission to make a 

searching inquiry into all phases of the subject, 
not only from the shipowners’ but the shipbuild- 

ers’ and shippers’ points of view, and to reach a 

decisive and conclusive opinion in the form of a 
recommendation for Congressional action. Such 
a commission should not be a party affair, but 
should be organized on broad lines, and include in 
its membership a sufficient number of unbiased ex- 
perts to outweigh any merely political influences. 

— ARAN 

N view of the divergence of published opinions 

and prophecies concerning the Marconi system 

of space telegraphy, which haye tended somewhat to 

confuse the average reader, the article on this sub- 

MARINE ENGINEERING. 37 

ject that appears on another page should prove of 

particular interest. From the exposition of the sys- 

tem here given it would seem that its limited ap- 

plication to marine signaling is a practical possi- 

bility even now, it being only necessary to equip 
sea-going craft with the simple apparatus described 

in order to enable them to communicate with each 

other As pointed 

out in the article, the signals can be made selective 

only at the expense of radius of action, and when 

selective apparatus is employed its extreme deli- 

cacy of adjustment constitutes an additional draw- 

back. ‘These facts, however, in no wise detract 

from the practical value of the system as applicable 

to the merchant marine. There is no special need 

for secrecy in signals, and if there were, it would 

be just as effectually obtained by means of private 

codes as by means of selective apparatus. Such 

apparatus, as a matter of fact, could not always 

give perfect immunity from intrusion; the re- 

flector at the transmitter would not prevent the 

hostile ship from moving into range, and the re- 

flector at the receiver could not monopolize all of 

the magnetic waves—nor could the intruder be 

prevented from adjusting his receiver into syntony 

with the selective transmitter, much as a telegraph 

operator adjusts his relay for different sending sta- 

over considerable distances. 

tions on a “heavy” land line in bad weather. 

So there really appears to be small incentive to the 

development of selective apparatus, its value being 

limited to use by naval fleets or intermediate coast 

stations in order to permit the simultaneous trans- 

mission of two or more sets of signals, within a 

given sphere of influence, without mutual inter- 

ference. So far as the vertical wire system is 

concerned, there seems to be no particular reason 

why it should not be made the subject of practical 

experiment on sea-going vessels and in coast-line 

Government stations. The equipment is inex- 

pensive, and the results reported from the instal- 

lation on the south coast of England are amply 

encouraging. © Any telegraph operator can learn 

to manipulate the instruments within less time 

than is required to describe them, and a speed of 

twenty words a minute is said to be practicable 

with existing apparatus. Although we are not 

given to theoretical speculation, more or less irrele- 

vant to work-a-day application, it is of interest to 

note that the explanation given in our article of 

the basic principle of Marconi’s system has been 

confirmed by addresses and papers by eminent 

European authorities, which have been published 

since the preparation of the article. 

e 

| 
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CORRESPONDENCE DEPARTMENT. 

[Communications on matters of interest to marine engineers, for 
insertion in the correspondence department, are solicited. These, 
wherever possible, should be supplemented by rough sketches or draw- 
ings, which will be reproduced, if necessary to illustrate the subject, 
without cost to the writer. 

Full names and addresses should be given, but publications of these 
will be withheld where requested. 

We do not assume responsibility for the opinions expressed by 
correspondents | 

Engineers Saved the Ship. 

Editor of Marine Engineering: 
It may interest your subscribers to read a true ac- 

count of a recent trip of the American steamship 
Catania, 2,600 tons, from Glasgow to New York. On 
that trip the crew experienced the sensations of per- 
sons who realize that they are to be lost at sea. Had 
it not been for the heroic work performed by the en- 
gineers the vessel would surely have foundered and 
no one lived to relate the story of the struggle to*save 
the ship, a struggle prebably as severe as any in the 
history of steam navigation. 
December 18, 1898, the Catania left Glasgow in 

ballast for New York, and all went well until Decem- 
ber 21, when the vessel met with a series of hurricanes 
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JURY FUNNEL AND UFTAKE REPAIRs. 

from the northwest which continued and increased in 
fury from day to day. On December 25 she was 
boarded by seas which carried away the galley sky- 
light, smashed the sanitary tanks and two life boats. 
Next day a sea broke over the vessel and carried 
away her funnel, which broke off at the base on top 
of the breeching, leaving a 20 ft. section floating 
around in the fiddlies. The remaining 45 ft. was 
broken off flush with the deck and carried overboard 
along with the skylights, life boats, part of the bridge 
and the port rail. The fires were extinguished, and 
the vessel lay helpless in the trough of the sea. The 
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engineers worked all night inserting a 2 1-2 in. steam 
jet in the breeching and shoring up the section in the 
fiddlies. We tore off the galvanized iron covering 
from the boilers and patched the holes and seams 
where the funnel had parted. Then we nursed the 
fires with oil, generated 20 pounds of steam, got the 
bilge pumps going, and the engines turning over, 
about 25 revolutions, and hove the ship to. At day- 
break another sea boarded us, putting out the fires 
again, and starting the starboard boiler from the 
saddles. The water column pipes (flange ends on. 
boiler) ‘broke and drove every one out of the fire 
and engine rooms. We were working like fiends 
getting things in shape, when the Atlantic Transport 
liner Iesaba was sighted in latitude 48 deg. North, 
longitude 88 deg. West. All the engineers were be- 
iow aud did not know what was transpiring on deck 
until the next day. Our Captain signaled distress, 
and asked to be taken in tow by the Mesaba. They 
tried to launch a boat, but it was too rough, and they 
had to give up the attempt, but they signaled that 
they would stand by. This they did for 26 hours. 
Meanwhile the engineers had shored up the loose 
boiler and had stretched and reflanged the pipe. Then 
we generated steam and commenced to turn the en- 
gines over. At 7.30 p. m. our Captain headed the ship 
S. by S. E. for the Azores, 790 knots distant, without 
firing any signal, thus deserting the Mesaba, which 
had stood by us for hours, without a word of ex- 
planation. I had the satisfaction later of seeing the 
Captain regret his act and hear him say, “It re- 
mains for the engineers to save the ship.” 
We had really only got out of one difficulty to meet 

another still greater. On December 380 the quadrant 
of the rudder ‘post parted and the vessel fell into the 
trough of the sea again. The engines raced so hard 
that Nos. 3, 4 and 5 couplings were loosened (chewing 
them down three-quarters of an inch. The babbitt 
metal in the H.P. crank brasses was punched out, and 
the connecting rod split through the center from the 
stub end. We were then 790 knots from the nearest 
port, without a funnel, with the after hold half-full 
of water, intermixed with mud ballast, with fires ex- 
tinguished, the quadrant on the rudder overboard, the 
crew paralyzed with fear, and a Southwest hurricane 
blowing—that was our New Year’s greeting of ’99. 
After 86 hours’ incessant work, during which no one 

even thought of eating, as it was not to be had, we 
got steam on again, and finally brought the ship into 
Ponta Delgada, Azores, with a jury funnel, a patched- 
up quadrant and other makeshift repairs. . We sailed 
again from the Azores, and arrived at New York 
harbor, February 7 last. A few days later one of the 
New York daily papers came out with a long article 
telling how the Captain saved the ship. I wrote tell- 

“ ing them the facts, but my letter never appeared. 
THEO. IKALISHER, 

Second Assist. Eng. 8. S. Catania. 

Discussion of Boiler Manholes. 

Bditor of Marine Engineering: 
In the April number “Subscriber” asks for a rule 

to figure the strength of reinforcing rings for man- 
holes. The answer given hardly covers the case. U. 
S. Inspection Rule says that as much metal must be 
put around the hole as was taken away. “The 
Locomotive’ (Published by Hartford Steam Boiler 
Ins. Co.) December, 1896, and April, 1897, has the most 
complete analysis of the subject to be found any- 
where. 
The method of treatment, I think originated with 

Chief Engineer Shock (see his work on Steam Boilers) 
and is as follows: 
When a hole is cut in the shell of a boiler, the strain 

which the part removed bore must now be carried 
by the metal at the two edges of the hole in the axis 
through the middle of the hole and parallel to the 
longitudinal axis of the boiler. ; 

In the sketch herewith a hole 10 in. by 16 in. is cut 
in the shell of the boiler. Now it is evident that the 
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10 in. cut away must be carried by each side, an equal 
amount. If the shell is 1 in. thick, a piece of metal 
1 in. by 5 in. must be placed at points marked @ @ in 
order to make this part as strong as before the hole 
was cut. The strap and edges of hole are put into 

LONG. AXIS 
OF “BOILER 

1 

tension, the same as any other point at the circum- 
ference and this equals: radius of boiler x pressure x 
distance between edges. One-half of this product 
equals strain at one edge. 

0 CHARLES J. ENGER. 

[The answer in the April issue referred to had especial refer- 

ence to the reinforce rings for manholes in the flat heads of 

boilers. Practice varies very considerably in the methods of 

reinforcing such openings, and also of closing them. For 

manholes in flat heads the chief object of the reinforce ring 

is to give local strength and stiffness at the edges of the hole, 

so as to prevent the metal from crushing or buckling under the 

stress due to the cover or the dogs. 

The stress around a manhole and the proper cross section 

of a reinforce ring are matters which cannot be satisfactorily 

examined by simple mathematical process. Whatever the 

stress in the metal at the edge of the hole may be, however, it 

is certain that it is not one-half the product of ‘‘radius of 

boiler x pressure x distance between edges,’ given by our 

correspondent. athe 3 

Shock in his book on boilers, to which our correspondent 

refers, concludes that 65 per cent of the section of metal re- 

moved is sufficient for the section of the reinforce ring. This 

i -16}4* > 
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the through braces, say, for example, below the furnaces, in a 

Scotch boiler, the reinforce plate is cut in a shape approxi- 

mating a triangle. At each angle or corner the plate is of 

sufficient width to let the threaded end of the brace come 

through, ana the cutside nut is then jammed down on the re- 

inforce ring, which there takes the place of a washer, This 

we show in the acompanying drawing, Fig. 2. 

Now with regard to the manhole on top, in the shell of a 

boiler: In earlier days, when steam pressures were low, 

it was frequently the custom to place a metal box over the 

manhole riveted on from the outside. The top of this box was 

faced and covered by a plate held in position with stud 

bolts or through bolts, after the fashion of a cylinder cover. 

When steam was up, the tendency of the pressure was to 

lift the whole contraption off the boiler. With the increase 

—— 

nn 

q 
@ 
& 

MANHOL 
1445 x 104” 

a 
Los eel 

MP. PLATE 36THIC 

Erg! 
Marie 

BOTTOM OF SHELL 

Fic. 2.—MANHOLE BELOW FURNACES. 

of pressures some more substantial forth of compensation and 

door was demanded. Doors closing from the inside and held 

in place with dogs were adopted. In these the tendency of 

the pressure is to keep the door tight on its seat. 

There is no fitting on a boiler which demands greater care 

in construction than the manhole, though it is not usually 

looked upon as a problem requiring more than passing con- 

sideration. Appended will be found excerpts from the various 

government and classification society rules on the subject; 

Hig. 1.—MANNOLE IN FLAT HEAD OF CYLINDRICAL BOILER WITH FLANGED OPENINGS. 

matter, like so many others in engineering, must ultimately be 

Settled by safe practice. 

In manholes in the front of boilers, the reinforce ring, as we 

originally described, is usually adopted. In modern practice, 

however, it is often the custom to flange the plate at the 

hole, and in such case no reinforce ring is used. 

A dimensioned drawing of such an arrangement is given here, 

Fig. 1. Again, where a manhole or handhole comes close to 

some give it but brief mention, and other societies do not rec- 

ognize it at all. Any one who has gotten out of a stokehold 

in a hurry when a manhole joint blew out will agree as to 

the importance of the subject. 

We give here sketches of actual practice in high-class boiler 

work. For moderate pressure a cast steel compensating ring, 

such as shown in Fig. 3 is satisfactory. The flange should 

be wide enough to permit a double row of riveting, and the 
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Fig, 4.—12 x16 MANHOLE IN SHELL. 

epening should be less than the opening in the boiler shell. 

This permits the inner row of rivets to be placed close to the ~ 

edge of the hole in the shell, so that there will be no spring 

in the plate when caulked, and a staunch job will result. 

The face of the compensating ring should of course be 

turned true, and the flange of the door faced where the joint 

is made. Great care should be taken with this joint, the 

scraper being used if necessary to get true surfaces. The rim 

running round the cast steel door, Fig. 3, brings the door 

readily to its proper position and prevents any lateral play. 

A very safe method of making the joint is illustrated in Fig. 

1, already referred to, where the flange in the plate around the 

hole fits a groove in the door. This is frequently used in the 

largest work, but it is a more difficult construction than that 

shown in Fig. 3. In the case of manholes in the shell of this 

type the curved plate is not flanged, but a heavy angle is 

riveted on, somewhat after the style of Fig. 4. 

The form of door illustrated in Fig. 4 can be recommended 

for the very highest pressure. It will be noticed that only 

forged or rolled material is used in its construction. The re- 

inforcing ring is made of the same material as the boiler 

shell and is the same thickness. It is flanged and then drilled 

for the rivets and the face is turned true. The door is a slab 

of high carbon steel of greater thickness than the shell. Riy- 

eted to this is a heavy angle, which is a snug fit for the open- 

ing in the reinforcing ring. The holding down bolts are steel 

and the dogs are iron, both of heavy material. The door 

shown is for a boiler about 12 ft. dia. carrying 125 pounds 

pressure. For a higher pressure a door of the same design, 

but proportionateiy heavier, would be quite suitable. Joint- 

ing can be effected by the use of a thin asbestos gasket. 

In all cases the short diameter of a manhole in the shell 

should be placed longitudinally and the long diameter around 

the boiler. 

Following are the rules of various bodies which regulate the 

construction of manhole fittings: 

U. S. Board of Supervising Inspectors.—When holes exceed- 

ing 6 in. in diameter are cut in boilers for pipe connections, 

man and hand hole plates, such holes shall be reinforced, 

either on the inside or outside of boiler, with reinforcing 

plates, which shall be securely riveted to the boiler, rivets 

spaced as for stay bolts, as determined by Section 6, Rule 2, 

such reinforcing materials to be of wrought iron or steel rings, 

ot sufficient width and thickness of material to equal the amount 

of material cut from such boilers in flat surfaces; and where 

such opening is made in the circumferential plates of such boil- 

ers, the reinforcing ring shall have a sectional area of at least 

one-half the area of material there would be in a line drawn 

across such opening parallel with the longitudinal seams of 

such portion of the boiler. On boilers carrying 75 pounds or 

less steam pressure, a cast-iron stop valve, properly flanged, 

may be used as a reinforce to such opening. When holes are 

cut in any flat surface of such boilers, and such holes are 

flanged inwardly to a depth of not less than 1 1-2 in., measur- 

ing from the outer surface, the reinforcement rings may be 

dispensed with. 

Bumped heads may have a manhole opening flanged inwardly 

when such flange has a sufficient depth and thickness to fur- 

nish as many cubic inches of material as were removed from 

the head to form such opening. 

Board of Trade, London.—Compensating rings of at least the 

same effective sectional area as the plate cut out should be 

fitted round all manholes and openings, and in no case 

should the rings be less in thickness than the plates to which 

they are attached. The openings in the shells of cylindrical 

boilers should have their shorter axes placed longitudinally. 

It is very desirable that the compensating rings round open- 

ings in flat surfaces should be made of L or T iron. Cast-iron 

doors should not be passed. 

Bureau Veritas.—All manholes to be fitted with compensat- 

ing rings. 

Lloyds rule is the same as that of the Bureau Veritas. 

Resetting a Slipped Eccentric. 

Editor of Marine Engineering: 
In your April issue, your answer to a question about 

setting a slipped eccentric is all right as far as it 
goes, but it does not get the eccentric exactly right, 
as the valve may leak, which would make it very un- 



June, 1899. 

certain. The way to do it and have it right is, to put 
the engine onthecenterand place the slipped eccentric 
somewhere near its proper position, then put the link 
in full gear with the eccentric that has not slipped, 
and make a fine mark on the valve stem, say one inch 
from the stuffing box gland. Then throw the link in 
full gear with the slipped eccentric and move it (the 
slipped eccentric) until the mark as before is one inch 
from the gland, then make it fast. 

It must be right with the engine on the center; it 

does not make any difference which way the engine 
is going to turn, the valve must have the same lead. 

G. V. 

[Our correspondent is in error in assuming that an engine 

must have the same lead whether turning ahead or astern. 

This would be so had both eccentrics the same setting, but 

frequently this is not the condition. The correct way to set a 

Stephenson valve gear of a marine engine is to have a smaller 

angle of advance in the “‘go astern’’ eccentric than in the ‘‘go 

ahead,’”’ so that the engine will have a much longer cut off 

when going astern, and so develop more power to offset the loss 

of efficiency of the rounded backs of the propeller blades, and 

this will also diminish the excessive increase in lead when 

the engine is linked up. 
As a matter of fact, however, no first-class engine builder 

would turn out a large job in which the eccentrics were not 
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keyed to the shaft. In Corliss engines the eccentrics are usu- 

ally held in place with set screws, but in this type of engine 

the eccentric has little weight to carry and frequently two ec- 

centrics are provided, one for the steam and one for the ex- 

haust. In the case of a marine engine, however, where the 

weight of gear and valves lifted by the eccentrics often runs 

up into the thousands of pounds, a good stout key is a ne- 

cessity. Frequently, deed, the ahead and astern eccentrics 

of the gear on each cylinder are secured together by a yoke 

and bolts, so that the key of the astern eccentric will take a 

share of the load when going ahead. 

The cnly possible occasion, therefore, on which a resetting 

of the eccentric would call for an investigation of the valve 

position would be where an offset key was used, and to 

meet any such emergency would be a simple matter for a com- 

petent engineer who was attached permanently to one ves- 

sel and who thus had had opportunity to make a good record 

of his valves. 

Should such a key shear while the engine was running, in 

case the shaft was not marked so that the sheave could be 

easily brough back to its proper position, the engineer would 

reset it with the aid of a gauge such as shown at A in the ac- 

companying diagram of a valve spindle and link. The chief 
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use of such a gauge is to determine the wear of the valve 

gear, and it is made thus: When the engine has been run for 

a time, after leaving the builders’ hands, and when all ad- 

justments haye been made to get it to run quietly and effi- 

ciently, a center punch mark is made on the bottom of the 

valve chest and another on the valve stem or yalve stem 

crosshead. The crank is then put on the top and bottom cen- 

ters and in each position gauges, as shown at A, are made 

touching the center points. The gauge is a piece of round 

iron, bent and pointed at each end. If at any time the valve 

fear wears so that the valve gets low, all that is needed to 

get the valve back into its proper position is to turn the en- 

gine over and try the gauges. The difference between the end 

of the gauge and the center point on the valve stem will show 

the thickness of liner required to be put under the foot of the 

eccentric rod. 

Referring, however, to the original query of ‘‘Mass.”’ in our 

April issue, in case such a gauge was not at hand and a new 

key had to be fitted, it would be much more sensible to remove 

the cover, as this is not a very difficult matter, and the cover 

could be taken off and replaced long before the key for the ec- 

centric was properly fitted.—Ed.] 

Just as we are going to press news is received that 
the American liner Paris is ashore on the Manacles 
off the Cornish coast on which the Atlantie Trans- 
port liner Mohegan was wrecked. The mishap oc- 
curred about 1 o’clock on the morning of May 21, 
when the passengers were all in their berths. The 
vessel lies about 150 yards off shore and is hard and 
fast on the rocks forward, while her stern is afloat. 
If the weather keeps good it is probable the vessel 
will be saved. After the mishap the passengers were 
conveyed ashore without any accident. 

The Spanish cruiser Reina Mercedes, which was re- 
cently raised in Santiago harbor, where she had lain 
on the bottom for nearly a year, was towed to Hamp- 
ton Roads May 22. The vessel will be surveyed, and 
it is probable that a Ccngressional appropriation will 
be made to put her in fighting trim again. The 
Reina Mercedes is a steel cruiser, built at Cartagena, 
Spain, in 1887. Her dimensions are: Length, 280 ft.; 
beam, 438 ft.; draught, 16 ft. Her displacement is 
about 3,000 tons. She is fitted with engines of 4,800 
maximum horse power, and has a sea speed at full 
power of 17 knots. Her armament consists of six 
6.2 in. breechloaders and a number of smaller 
weapons, and she has five torpedo tubes. 

It is not generally known, but there was a clause in 
the Deficiency bill which grants certain officers and 
enlisted men of the Vclunteer Nayy who served in 
foreign waters during the war with Spain two 
months’ extra pay, and officers and men who served in 
the Volunteer Navy in home waters one month’s ex- 
tra pay. These claims are being rapidly adjudicated, 
and any claimant who has not yet received his pay 
should address the Hon, Auditor for the Navy De- 
partment, Treasury Department, Washington, D. C. 
A statement of the applicant’s naval service should 
be made, and his final orders detaching him from 

whatever vessel he was serving on, together with his 
honorable discharge, should be enclosed with the 
claim. 

The North German Lloyd passenger and cargo 
steamer Barbarossa left her dock in Hoboken May 18, 
bound for Bremen. Before she passed out at Sandy 
Hook fire was discovered in her forehold and she was 
returned to her dock. In coming up the North rivershe 

was foreed off her course in avoidinga collision with a 
ferry boat and she rammed the French liner La 
Bretagne, which was lying at her pier. The French 

liner was struck on the starboard quarter and cut 
down to about 2 ft. belew the water line. Her moor- 

ings broke and she was forced ahead, striking and 
sinking twe ice barges which lay between her and 
the bulkhead. The La Bretagne was moved next day 
to the Erie Basin dry docks for repairs and her place 
on the line was taken by another of the French com- 
pany’s ships. 
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HELPS FOR CANDIDATES FOR MARINE EN= 

GINEERS’ LICENSES—MATERIALS OF 

ENGINEERING CONSTRUCTION—IV. 

BY DR. WILLIAM FREDERICK DURAND. 

(Concluding Chapter). 

§6. LEAD. 

lead is a very soft, dense metal, grayish in color 
after exposure to the air, but of a bright silvery luster 
when freshly cut. Commercial lead often contains 
small amounts of iron, copper, silver and antimony, 
making it harder than the pure metal. It is very 
malleable and plastic. In engineering, lead is chiefly 
of yalue as an ingredient of bearing metais and other 
special alloys. Lead piping is also used to some ex- 
tent for water suction and delivery pipes where the 
pressure is only moderate, and where the readiness 
with which it may be bent and fitted adapt it for use 
in contracted places 

§%. TIN. 

Tin is a soft, white, lustrous metal with great malle- 
ability. Commercial tin usually contains smali por- 
tions of many other substances, such as lead, iron, 
copper, arsenic, antimony and bismuth. It is largely 
used as an alloy in the various bronzes and other 
special metals. Tin resists corrosion well and in con- 
sequence is often used as a coating for condenser 
tubes. It is also used for coating iron plates, the 
product being the so-called “tin plate’ of commerce. 
It melts at about 450 deg., which corresponds to a 
steam pressure of about 400 lbs. per square inch. 
Due to this low melting point tin is often used as the 
composition for safety plugs in boilers. 

§8. ZINC. 

Zine, or “spelter,’ as it is often called commercially, 
is a brittle and moderately hard white metal with a 
very crystaline fracture. The impuritiesmostcommon-, 

It is used. 
chiefly as an alloy in the yarious brasses, bronzes, 

ete., and as a coating for iron and steel plates, _rods,. 
ete. ‘The process of applying zine for such a coat-. 

and the product. “gal-; 
Electricity, however, is not. 

ly found in zine ave irov, lead and arsenic. 

ing is called . ‘galvanizing,’ 
vanized” iron or steel. 
used in the process, the articles, after being well 
cleaned, being simply dipped in a tank of melted zine 
and then withdrawn. Slabs of zine are also used in 
marine boilers to preyent corrosion. 

§9. ALLOYS. 

A mixture of two or more metals is called an alloy. 
The properties of an alloy are often surprisingly dif- 
ferent from those of its ingredients. The melting 
point is sometimes lower than that of any of the in- 
gredients, while the strength, 
ness are often higher than for any of them. 
Mixtures of copper and zinc are called brass. Mix- 

tures of copper and fini, or copper, tin and zine, with 
sometimes the substances in-small proportion, form 
gun metals, compositions and bronzes. These terms are, 
however, rather loosely employed. Various mixtures 
of two or more of the metals—copper, tin, zine, lead, 
antimony—form the yarious bearing metals. 

Brass and composition are used for piping and pipe- 
fittings; globe, gate,-cheeck and safety valves; con- 
denser tubes and shells: sleeves for tail shafts, and 
for a great number of small fittings and attachments 
for which the metal may be suited. The bronzes are 
employed for many of the uses of brass where more 
hardness, strength or rigidity are required. They are 
lised with especial success as a material for propeller 
blades. 
The white metals, supported or backed by some 

other metal, such as brass, east iron or cast steel, to 
give the necessary 

used for bearing surfaces. 
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elastic limit and hard- 

strength, are now very largely 
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PROPORTIONS OF INGREDIENTS FOR VARIOUS ALLOYS. 

In the following proportions the numbers after the 
ingredients denote the number of parts in 100 of the 
mixture. They represent either the usual propor- 
tions, or the results of special analyses of samples, 
and have been collected from various sources. The 
alloys are arranged in the alphabetical order of their 
names to facilitate ready reference: 
Admiralty Bronze.—Copper 87, tin 8, zinc 5 . 
Aluminum Brass.—Copper 63, zine 34, aluminum 38. 
a Bronze.—Cepper 89 to 98, aluminum a 

to 
Anti-Friction, 

mony 19.6. 
Anti-Friction, B.—Copper 1.6, tin 98.18, iron trace. 
Anti-Friction, O.—Copper 3.8, tin 78.4, lead 6, anti- 

mony 11.8. 
Babbitt (Light).—Copper 1.8, tin 89.38, antimony 8.9. 
Babbitt (Heavy).—Copper 3.7, tin 88.9, antimony 7.4. 
Brass, Common Yellow—Copper 65.3, zinc 32.7, 

lead 2. 
Brazing Metal.—Copper 84, zine 16. 
Brazing Solder.-Copper 50, zine 50. 
Bush Metal.—Copper §0, tin 5, zine 10, lead 5. 
Delta Metal.—Copper 50 to 60, tin 1 to 2, zine 34 to 

44, iron 2 to 4. 

Deoxidized Bronze.—Copper 82, tin 12.46, zine 3.23, 
iron .10, lead 2.14, phosphorus trace, silver .07. 
Gun Metal.—Copper 89, tin 8.25, zine 2.75. 
Magnolia.—Tin ?, zine trace, iron trace, lead 83.55, 

antimony 16.45. 

Manganese Bronze.—Copper 88.64, tin 8.7, zine 1.57, 
iron .72, lead .30 
Muntz Metal.—Copper 60, zine 40. 
Navy Brass.—Copper 62, tin 1, zine 387. 
Navy Composition.—Copper 88, tin 10, zine 2. 
Navy Journal Boxes. —Copper 82.8, tin 13.8, zine 3.4. 
Parsons White Metal.--Copper 1.68, tin 72.9, zinc 22.9, 

lead 1.68, antimony .84. 
eee Bronze. Copper 90 to 92, phosphide of tin 

(0) 
Steam Metal.—Copper 85, tin 6. 5, zine 4.25, lead 4.25. 
Tobin Bronze.—Copper 59 to 61, tin 1 to 2, zine 37 to 

38, iron .1 to .2, antimony .30 to .35. 
White “Metdl.— Lead S8, antimony 12. 

A.—Zine 1, iron .65, lead 78.75, anti- 

§ 10. THE TESTING OF METALS. 

[1] DirrerEenr Krnps or Trsts. 

Metals may be tested for strength in various ways— 
in tension, by pulling apart a test piece of specified 
pattern and size; in compression, by crushing a piece 
of suitable dimensions; in cross breaking, by support- 
ing a bar at two points and breaking or bending it in 
the testing machine by a load applied at an intermedi- 
ate point; in torsion, by twisting apart a bar in a 
machine especially designed for the purpose; in 
direct shearing, by breaking a riveted or pin-joint con- 
nection in the usual machine; for impact or shock, by 
letting a weight drop through a certain height and by 
its blow develop suddenly the stress in the material. 

[2] EXPLANATION oF Terms USED. 

Ultimate Strength—The ultimate strength of a test 
piece is the load required to produce fracture, 
reduced to a square inch of original section; or in 
other words, the ultimate or highest load divided by 
the original area. Thus if the area of the cross-sec- 
tion of a test piece is .42 sq. in. and the load produc- 
ing fracture is 28,400 Ibs., the ultimate strength equals 
28,400--.42—67,620 lbs. per square inch. 
Blastic Limit.—The elastic limit is the smallest load, 

reduced to one square inch of area, which will 
produce a permanent set or distortion of the ma- 
terial. Thus in a tension test if the cross-section is 
.68 sq. in. and a permanent elongation or set is just 
produced by a load of 27,600 lbs., the elastic limit is 
at 27,600 .68=40,600. 
Blongation.—A. certain length being marked off 

on the test piece as described in [3], [4], the percent- 



June, 1899. 

age of elongation is found by dividing the actual ex- 

tension of the length just before rupture by the orig- 

inal length, and reducing to per cent. Thus if a 

length of 8 in. is marked off on the test piece and 
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if the length between ibe same marks at fracture is 
10.2 in., the actual elongation is 2.2 in. and the per- 
percentage elongation is 220+8—27.5%. When a test 
piece is first put under load the elongation is dis- 
tributed uearly uniformly over its length. This con- 

tinues until the piece begins to neck down near the 
point of final fracture. Nearly all of the remaining 
elongation is restricted to the immediate vicinity of 
this point. Hence the percentage elongation with a 
short length of test piece may be much greater than 
with a long piece. A few years ago, for example, 
when test pieces 2 in. long were not uncommon, the 
actual elongation might be nearly 1 in., and thus per- 
centage elongations approaching 50 per cent were 
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found. In modern practice the length of a test piece 
is usually 8 in. and values of the percentage elonga- 
tion over 30 per cent even with vastly superior ma- 
terial, are rarely met with. In reporting elongation 
the length used should always be stated. 
Reduction of Area.—The percentage reduction of area 

is found by subtracting the final area of the 
section at the point of fracture from the original 
area at the same point, dividing the difference by the 
latter, and reducing to per cent. Thus if the original 
area is .68 sq. in. and the final area is .36 sq. in., the 
actual reduction is .68—.386=—.32 sq. in., and the per 
centage reduction is 82+68=47.5 per cent. 
For the measurement of the areas of cross-sections, 

A 
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especially when of irregular form, reference may be 
made to Chap. I., §9 [15]. 

[38] Test PrEcES FOR IRON. 

In modern practice the form of test pieces for iron 
is usually the same as for steel, and as described in 
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[4]. The form of test piece for wrought iron plate 
prescribed by the U. S. Board of Supervising Inspect- 
ors of Steam Vessels is, however, somewhat different, 
and is illustrated in Wig. 1. If the plate is 5-16 in. 
thick or less, the width at the reduced section must 
be one inch. If the plate is over 5-16 in. in thickness, 
the width of the piece must be reduced so that the 
cross-sectional area at the reduced section shall be 
about .4 sq. in., but it must not be greater than .45 sq. 
in. nor less than .85 sq. in. 

[4] Test Preces FoR STEEL AND OTHER MATERIALS, 

Vig. 2 shows the form of test piece for tension pre- 

ie ics O cee ayia 
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seribed by the Navy Department for tests of steel 
plate for naval uses. 

Fig. 8 shows the form prescribed by the Associa- 
tion of American Steel Manufacturers, and adopted 
by the U. S. Board of Supervising Inspectors of Steam 
Vessels. The test piece for plates is cut from a “‘cou- 
pon,” as it is called, left on one corner of the plate as 
shown at A, Fig. 4. The U. S. law requires further 
that: 
“Wyery iron or steel plate intended for the construc- 

Fig. 6. 

tion of boilers to be used on steam vessels shall be 
stamped by the manufacturer in the following man- 
ner: At the diagonal corners, at a distance of about 
4 in. from the edges and at or near the center of the 
plate, with the name of the manufacturer, the place 
where manufactured, and the number of pounds ten- 
sile strain it will bear to the sectional square inch.” 

WG@>s Ws 

Fig. 5 shows the usual round form of test piece for 
all material except plates. 

[5] BENDING, QUENCHING AND HAMMER TESTS. 

The nature of these tests has already been described 
in §5, [5], (11). - ~ 
Fig. 6 illustrates a cold bending test on a piece of 

steel plate. <A drift test is also sometimes required. 
This is illustrated in Fig. 7, and consists in driving 
taper drifts of continually increasing size into a 
punched or drilled hole until the diameter is increased 
to at least twice its original size. The metal must 
stand this test without sign of fracture about the 
edges of the hole. 
Bending tests for angle and Tee irons, as described 

in $5 [5] (11), are also illustrated in Fig. 8. 
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ELECTRICITY ON BOARD SHIP—PRINCIPLES 
AND PRACTICE—XVIII. 

BY WM. BAXTER, JR. 

SAFETY FUSES AND LIGHTNING ARRESTERS. 

Field rheostats, which are very commonly called 
“field regulators,” are simply resistances so arranged 
that they can be cut in or out of the circuit of the 
shunt field coils of a generator. Generators are al- 
ways designed to develop the required voltage at a 
fixed velocity, but as can be readily understood it is 
not possible to hit the mark exactly, hence if the ma- 
chine is intended to run at, say, 600 revolutions per 
minute to develop a voltage of 110, it may, when tried, 
be found to require a speed of 590 or 610 revolutions. 
If it requires the latter velocity, all that can be done 

is to speed it up, but if it will give the desired voltage 

at the lower speed, then the excess of e. m. f. at 600 
can be prevented by inserting in the shunt field cir- 
cuit a sufficient amount of resistance, and it is for 

thig purpose that the field rheostat is employed. 
Again, it may not be convenient to run the generator 
up to the exact speed for which it is designed, or it 
may ibe necessary to run it somewhat faster; there- 
fore, if no means of regulating the voltage were pro- 
vided, the attainment of satisfactory results would 
not be possible. In order to be on the safe side, gen- 
erators are always made so that they will develop, at 
the rated velocity, a voltage somewhat higher than 
that at which they are expected to run, and then by 
means of the field regulator the e. m. f. is adjusted 
to the proper point. 
The principle upon which field regulators act is 

very simple. To illustrate it, suppose we have a gen- 
erator that develops an e. m. f. of 115 volts when run- 
ning at the speed that we intend to adopt; then if we 
introduce resistance in the circuit of the shunt field 
coils, the current passing through these will be cut 
down and, therefore, the magnetism will be reduced 
and thus the voltage lowered. Let us suppose that 
the shunt coils have a resistance of 50 ohms, then if 
we desire to reduce the e. m. f. from 115 to 110 we 
will have to increase the resistance of the circuit 
enough to cut, the current down about five per cent. 
As a matter of fact we will have to reduce the cur- 
rent more than five per cent, owing to the fact thatthe 

magnetism will not reduce in the same proportion as 
the current; but for the sake of an illustration we can 
suppose that the current and the magnetism will re- 

duce at the same rate. Now as we have to reduce the 
current about five per cent, we must increase the re- 
sistance in a corresponding amount; therefore as the 
resistance of the shunt coils is 50 ohms, we will have 
to add about two and a half ohms, thus increasing 
the total resistance to 52.5 ohms. 

The. foregoing calculation is based, as we have 
stated, upon the assumption that tne magnetism and 

the field magnetizing current change in the same pro- 
portion, but in reality the magnetism reduces much 
slower than the current strength, and the difference 

between the rate of reduction of the two depends, in 
part, upon the character of the iron of which the field 
is made, but principally upon the degree to which the 
field is magnetized. If the magnetization is very 
strong, a reduction in the strength of the field cur- 
rent of 10 per cent may not reduce the magnetism 
more than two or three per cent. On this account, the 
amount of resistance introduced in the field rheostat 
has to be much larger than would be supposed at a 
first glance. As a rule the field rheostats have a re- 
sistance of from 20 to 50 per cent of the shunt coil 
resistance. 

Field rheostats can be made of anything that offers 
resistance to the passage of an electric current, and 

that at the same time is of such a nature that it can 
be put into a mechanical and durable form. The 
most commonly employed substance is wire, gener- 
ally iron or German silver. In most cases the wire is 
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wound in the form of coiled spring and is then 
stretched out sufficiently to separate its turns from 
one another. 

A simple form of field regulator is shown in Vig. 
101. The apparatus consists of a box F, which can 
‘be made of any suitable material, wood, sheet metal, 
cast iron, ete. In former days wood was very com- 
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monly used, but at the present time in the most gen- 
erally used construction the sides of the box are made 
of cast iron and the back of sheet iron, the object of 
using metal being to render the box fire proof. The 
way in which the coils are held in place is clearly 
shown in the figure, and it may only be necessary to 
add that the double bottom and top are provided so 
as to cover the connections of the ends of the several 
coils, and thus not only make the structure more 
mechanical in appearance, but also more substantial, 
as the connections are guarded against injury, and are 
not liable to be touched by the attendant. 

In connecting the box in the shunt field circuit, the 
latter is opened at any convenient point, and the ends 
are connected with the wires N and P. As will be 
seen N is connected with a bar W and P with block l. 
The connection between W and p is effected by 
means of the switch S. When this switch is placed 
upon block @ the current will have to pass through 
all the wire coils (before it can reach block 1, hence, 
all the resistance of the apparatus will be in the cir- 
cuit. If S is moved ahead so as to rest upon block 6), 
the current will enter the resistance coils through 
wire 2 and thus cut out the first coil. As the switch 
§ is advanced, from block to block, coil after coil 
will be cut out and when block J is reached all the re- 
sistance ‘will be out of the field circuit. From this ex- 
planation it can be seen that the amount of resis- 
tance inserted in the field circuit can be adjusted by 
the position of the switch S. 
The position where S must be left is determined by 

the voltage of the current, therefore the field regula- 
tor should be placed in such a position that its switch 
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handle can ‘be moyed while the attendant is looking 
at the dial of the voltmeter. If the voltage is too 
high, S is moved back toward a, and if the voltage is 
too low, S is moved ferward, towards 1. When the 
proper yoltage is obtained, the switch is in the proper 
postion and is allowed to remain there. 

The design of field regulator shown in Fig. 101 is 

Fig. 102. 

very seldom used in actual practice, as it is inferior 
in many ways to the design shown in Figs. 102 and 
108, which are illustrations of well known types of 
field regulators in common use. We have employed 

the design of Fig. 101 to explain the construction and 

principle of action of the device, as it shows more 
clearly the circuit connections than the construction 

of Figs. 102 and 103. It can be readily seen, how- 

ever, that the switch S§ will not move as freely as the 

rotating arm of Figs. 102 and 1038, and furthermore, 
if we used the same number of contacts W would 
have to be made about twice as long as the width of 
the entire box in Fig. 103. In Fig. 101 only twelve 
contacts are shown, for the sake of simplicity, but in 

actual rheostats, the number is much greater, as 
shown in Figs 102 and 103. A great number of con- 
tacts is required so as to obtain close adjustment of 
the voltage, upon the same principle that many 
weights are required to weigh with accuracy. If we 

had a balance scale and ten one-pound weights, we 

would not be able to determine the weight of any- 

thing closer than a fraction of a pound, for if it 

weighed more than, say, four pounds, it would be 

underbalaneced with four of the weights and would 

be overbalanced with five. If, however, we had 160 

one-ounce weights, we could determine the weight to 

within less than one ounce. If we had a field regu- 

lating rheostat with ten contacts, we could not set 

the switch so as to obtain a voltage as near to the 

desired point as with a greater number of contacts. 

As an illustration, suppose we desired to obtain a 

voltage of 110 and that we found that by eutting in 

five sections of the rheostat we could get 112. We 

would then cut in another section, and this might cut 
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the voltage down to 108, and we would be powerless 
to effect a closer adjustment except by varying the 
speed of the generator. lf, however, we had a regu~- 
lator with forty contacts, we could obtain three differ- 
ent voltages between 112 and 108 and one of these 
might be very near to the 110 mark, say 110.5 or 109.5. 
Thus it will be seen that the object of providing a 
great number of contacts is to provide means where- 
by the voltage may be adjusted nearer to the re- 
quired standard. 

The field regulators made for small generators may 
have not more than twenty contacts, while those for 
very large machines may have as many as eighty or 
one hundred, the average being between forty and 
fifty. 
Rheostats made of wire coils suspended in the air, 

as shown in Fig. 101, are rapidly giving away to 

those of more compact form, such as shown in Figs. 
102 and 103. The advantages of these designs are not 
only that the space occupied by the apparatus is re- 
duced, but also that they are more durable. Fig. 102 
is what is known as an “Hnameled rheostat.’ It 
consists of one or several cast iron plates upon which 
fine iron wire is attached by means of a coating of 
enamel. ‘The iron is first coated with a layer of 
enamel and then the wire is placed upon this and is 
covered with a second coat. The wire being embed- 
ded in the enamel is protected from the action of the 
air and therefore can be heated to a high degree 
without-danger of becoming oxydized, and on this 
account much smaller wire can be used than in rheo- 
stats of the type shown in Fig. 101. 
The rheostat shown in Fig. 103 is made of rods of 

carbon, which are supported by means of insulating 
material. This type of rheostat can also be made 

smaller than Fig. 101, as the carbon rods ean with- 
stand a much higher heat than the bare iron wire. 
In all types of rheostats the part that forms the re- 
sistance must be well insulated from the supporting 
frame. In Fig. 101, if F is made of wood, the wires 
can be run through holes bored therein, the wood 
itself being sufficient insulation providing it is satu. 
rated with varnish,so as to make it water proof; if the 
frame Ff is of metal, porcelain bushings are inserted 
in all the holes through which the wires pass. In 
Fig. 102 the wire is insulated from the frame by 
means of the enamel, and in Fig. 1083 the carbon rods 

are insulated from the frame by means of fire proof 
insulating material. 
Safety fuses are sometimes used upon switch 

boards, but as a rule their use is confined to other 
parts of the circuit. A safety fuse serves the same 
purpose as a circuit breaker, but its action is not so 
reliable. The principle of safety fuses can be under- 
stood from Fig. 104. If the terminals a b of the wires 

Fie. 104. 

P N are connected with each other, by means of a 
rod Ff, a current will pass from @ to b through the rod, 
and if the latter is made of smaller size than P and 
N it will melt, if the current strength is increased, 
before the latter will. If Ff is very much smaller than 
P and WN it will be melted by a current that is not 
strong enough to heat the latter to any noticeable 
extent. When fF’ is given this proportion it becomes 
a safety fuse, as it will melt and thus open the cir- 
cuit before the current becomes strong enough to in- 
jure N or P. The fuse Ff can be made of any kind of 
wire, the only requirements being that it be so pro- 
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portioned that it will melt before the current be- 
comes so strong as to overheat other portions of the 
circuit. As a rule fuses are made of alloys of lead, 
tin and bismuth that melt at low temperatures and 
with a much weaker current than the same size cop- 
per wire can carry with safety. In warm weather a 
fuse will melt with a weaker current than in cold 
weather, hence they are not as reliable as a circuit- 
breaker. A circuit-breaker will fly open as soon as 
the current reaches a certain strength, but a fuse will 
not melt until the current has had time to heat it to 
the melting point, hence, the former is a better pro- 
tection against a sudden increase in current strength, , 
the latter only acting when the current continues of 
increased strength for some time. When fuses are 
used in switchboard work, they are placed on the 
back of the board. 
Lightning arresters are sometimes used on switch- 

boards, but, as a rule, they are located at other points 
in the circuit. Lightning arresters provide a path 
around the apparatus in the circuit that they are in- 
tended to protect, so that the discharge may pass to 
ground without doing damage. The principle of con- 
struction can be explained in connection with Fig. 
105, which shows one of the simplest forms. A is a 
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porcelain cylinder, made with a number of holes, into 
which are dropped pieces of fuse wire f. The wire P 
is connected to a copper plate c, and N connects with 
a copper cup d. The fuses are generally of such 
length that they come within about one-sixteenth of 
an inch of the plate ec. When a lightning discharge 
reaches ¢ it will jump to one or more of the fuses f, 
on account of its enormous e.m.f. The generator 
current, of itself, cannot jump across this space, but 
if the current is carried over by the lightning, then 
the generator can keep up the flow and thus become 
short circuited. But the generator current will not 
flow many seconds before the fuses will melt and 
open the short circuit. All lightning arresters are so 

made that if the generator current follows up the 
lightning discharge, they will open the cireuit to 
ground formed through them. Fig. 106 shows one of 

the best known types of light- 
ning arresters, called the mag- 
netic blow-out arrester. In this 
device the lightning discharge 
jumps across from the lower 
corners of the light-colored 
plates shown at the top of the 
magnet, these plates being very 
close together at this point. If 
the generator current follows 
the lightning it energizes the 
magnet, and the magnetic lines 
of force push the are formed 
by the current to the top of the 
plate. where the distance is so 

great that the current breaks. 

Fie. 106. 

At the Morris Heights, N. Y., shipyard the new 
steam yacht Kanawha for John P. Duncan, of New 
York, was launched May 27. She is 192 ft. long. 
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Fillet—Where a piece of metal sud- 
denly changes its shape or size it is 
always desirable to fill in the corner 
between the two parts, thus connect- 
ing one part with the other by a cor- 
ner rounded or concave rather than 

A B square. This furnishes a relatively 
easy change from one size or shape 
to the ether and decreases the likeli- 

Fig. 73. hood of a crack or failure at the 
angle. The filling in at such a corner 

is ae as a fillet, and is illustrated at A and B, 
ig. 73. ; 
Fire Box.—A kind of boiler furnace of nearly rec- 

tangular or box-shaped form. The term is more com- 
monly used in referring to the fire-boxr type of boiler. 
See under Boiler, Wig. 7. 
Fire Bridge.—See under Boiler, Wig. 6. 
Fire Clay.—lhe clay of which fire bricks are 

made. A good fire clay should have a composition 
about as follows: 2 

WUE Soo sboo D6 Dolodd cd uddloo sooo Bl) ao: 
INVITE bdq00000 5000600100 000 00:0 PAN) HO) BX0) 
Fluxing constituents............ 2 to 3 
Water..............remainder in 100 parts 

Fireman.—One of the engineer’s force whose duty 
it is to care for and regulate the fires. His duties con- 
sist chiefly in throwing the coal evenly upon the fires 
and in cleaning them and removing the ashes, all at 
regular intervals. In British practice the term stoker 
is usually employed. 
Fire Room.—The space in front of the boilers 

from which the fires are worked. Also called stoke- 
hold. 
Fires.—The burning fuel on the grates. For 

banked fires see under banked. To haul fires means to 
pull the burning fuel from the furnaces out upon the 
fire-room floor, leaving the grates bare. To spread 
fires from the banked condition means to spread the 
fuel evenly over the grates, add fresh fuel as may be 
needed, supply the proper draft, and bring the fires 
into an active condition. 
Fire Tools.—The tools with which a fire is cleaned 

and kept in order. The usual tools are as follows: 
Slice bar, large and small; pricker bar, large and small; 
hoe and shovel. The slice bar is straight, with a slight- 
ly flattened or triangular pointed end. It is used to 
run in on the grate apd underneath the fire in order 
to break up the clinker formation, and to free the fire 
from the grate and give the air a better chance to pen- 
etrate the fire. The large pricker bar, which is sim- 
ilar in form to the ordinary poker, is sometimes used 
for the same purpose. ‘The small pricker is used to 
clear out the grates from the ash pit without opening 
the furnace door. The hoe is used for hauling and 
banking fires and for pulling the ashes from the ash 
pit, while the shovel is used to handle the coal and 
ashes. 
Fire Tube.—A_ boiler tube in which the fire or hot 

gas is on the inside and the water on the outside. 
Fire Tube Boiler—A _ boiler in which the 

tubes have the fire or hot gas on the inside and the 
water on the outside. See Boiler. 
Flange.—A ring or fringe of metal standing usu- 

ually at right angles to the main piece to which it is 
attached or of which it forms a part, and serving for 
the attachment of other members or parts. Thus a 
boiler head is flanged for the attachment of the shell 
and the furnaces. (See Boiler, Fig. 6.) The cylin- 
der barrel has a flange to which is attached the cylin- 
der cover. (See Hnaine, Fig. 54.) Two pieces of 
shaft are connected by a flange coupling, as shown 
under Coupling, Fig. 88. 
Flanged Joint.—A joint made by the use of 

flanges. often with some form of fibrous or sheet pack- 
ing between. 
Float.—The acting part of a paddle wheel. Floats 

are of two kinds, feathering and radial or fixed. For 
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a description of the former see under Feathering. Ra- 
dial floats are rigidly attached to the arms of the 
wheel, as shown in Fig. 74. Radial or fixed floats are 
usually made of wood, feathering floats of either 
wood or steel plate. The term float is also used in its 
general sense to denote any part of an apparatus 

which floats partially submerged in a liquid, thus 
serving to show its level, or to perform some desired 
operation as it rises and falls with varying level, as 
in certain forms of steam trap, automatic feed con- 

troller, ete. 
Flue.—A portion of a boiler cylindrical in form 

and containing hot gas and surrounded with water, 
and differing from a tube simply by reason of its size. 
Flues are usually from 6 in. to 8 or 10 in. dia., while 
tubes are from 2 to 3 ar 8 1-2 in. 
Flush Head Bolt or Rivet.—See under Countersunk. 
Foaming or Priming.—A disturbed condition of the 

water in the boiler, of such a nature that the water 
level is more or less uncertain in location and the 
steam space is partially filled with foam or a mixture 
of foam and water. In severe cases of foaming steam 
seems to be given off from almost the entire mass of 
water in the boiler, causing it to rise bodily as foam 
and water and fill the whole steam and water space, 
thence entering the steam pipe and passing on to the 
engine. In other cases the water seems occasionally 
to rise in gulps, nearly unmixed with steam, and en- 
tering the steam pipe, pass on to the engine. The 
terms foamiug and priming are often used as mean- 
ing practically the same thing. Where a difference is 
implied foaming is understood to apply more especial- 
ly to the uplifting of the mixed steam and water as 
foam, while priming may refer more particularly to 
the lifting of water as such and its passage over 
into the engine. There is, however, no clear line of 
distinction between the two kinds of disturbances, 
and there are all grades intermediate between the 
extremes. Foaming may be due to the presence of 
certain forms of oil or grease or other impurities in 
the water, or to a demand for steam too large in pro- 
portion to the steam space in the boilers. A sudden 
change in the character of the feed water may also 
produce foaming. In former days, when jet con- 
densers were in common use, boilers were liable to 
foam in passing from sea water to fresh water, espe- 
cially if the latter was muddy, and again in passing 
from fresh water back to sea water. In modern 
practice foaming is usually due either to the presence 
of oil or to an extreme demand for steam from the 
boiler. In the former case the oil must be removed 
by a free use of the surface blow and kept out by a 
proper filter. In the latter case the engine must be 
slowed and the demand for steam reduced to an 
amount which the boilers can supply without the dan- 
ger of such disturbance. As the result of foaming the 
engine slows down, pewer and speed are lost, while 
due to the possible inability of the relief valves to 
handle all of the water coming into the cylinders, 
there may be serious danger of breakdown. There is 
also danger to the boiler in foaming, because the 
water level cannot be known with any certainty, and 
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plates or tubes may become overheated, resulting pos- 
sibly in collapse with serious consequences. ‘Lhe 
tendency to foam is, therefore, a symptom of serious 
import, and no steps should be neglected to discover, 

and, if possible, to remove the cause. 
Follower or Follower Piate—The ring or plate 

which holds the packing rings of a piston in place. 
Follower Bolts.—The bolts which secure the fol- 

lower to the piston head. For this purpose stud bolts 
are always used. See under Bolt. 
Foot Valve.—In general a check valve in the suc- 

tion passage to a pump. It is more particularly used 
in reference to a valve at the bottom of the air pump 
eylinder, or between the condenser and the cylinder. 

See Air Pump, Fig. 2. C. 
Forced-draft.—Draft which is forced or urged, 

usually by fans or blowers, beyond what would be 
given by the funnel alone. With the latter alone the 
draft is usually known as natural, or stack draft. 
While there is no sharp line of separation between 
natural, assisted and forced-draft, the latter is usually 
considered as meaning a draft pressure of from 1 1-2 
or 2 in. of water upward to 5 or 6 in. (See under Air 
Gauge). Occasionally, however, the term is used as 
implying simply a mechanically assisted draft, giving 
a pressure of from 38-4 in. of water to 1 or 1 1-2 in. 
There are four fairly distinct systems of forced 

draft: (1) closed fire-room, (2) closed ash-pit, (8) ex- 
haust blowers between the uptakes and funnel, (4) - 
steam jets in base of funnel. 

In the close fire-room system the air is forced by 
means of blowers into the fire-room, which is closed 
air-tight except for the outlet into the furnaces. The 
chief advantages of this system lie in the fact that 
the ‘boilers are left unchanged as for natural draft, 
and the shift from one system to the other is readily 
made. The necessary structural arrangements are 
also sometimes more readily effected than for the 
other systems, especially in warship practice, and 
this reason may in some cases largely determine the 
choice. Its chief disadvantages lie in the difficulty 
of making the fire rooms air tight, in the necessity of 
fitting dir-locks (see uider that term) for entering 
and leaving the fire-rooms, and in the more severe 
strain placed on the fire-room force than with the 
other systems. 

In the closed ash-pit system the air is forced by 
means of blowers into conduits leading directly to 
the ash-pits and furnaces. The Howden forced draft, 
which is representative of this system, involves also 
as a fundamental feature the heating of the air by 
means of the waste furnace gases before it enters the 
ash-pits and furnaces. This method requires the fit- 
ting of special ducts from the blowers to the ash- 
pits, of suitable passages for admitting the air on top 
of the fire through the inner furnace door lining, and 
also of a special arrangement of uptake with a nest 
of vertical air-heating tubes through which the 
waste gases pass, and around which the air passes on 
its way to the ash-pits. 

Induced draft is represented by the Ellis and Eaves 
system, in which a large exhaust fan is so placed as 
to draw the gases along the uptakes and discharge 
them to the funnel, thus producing the draft by 
means of a defect of pressure in the uptakes, rather 
than by an increase in the ash-pit or fire-room. The 

air which in this case is supplied either by natural 
ventilation or by special blowers is heated before 
reaching the furnaces by being drawn through or 
around tubes, around or through which the furnace 
gases pass on their way to the fan. The chief disad- 
vantage of the induced system lies in the large size 

and weight of fan necessary to handle the gases, as 
compared with the much smaller size needed for the 
air alone in the other systems. The two latter sys- 
tems with the air heating feature, however. have 
proved. very successful, and have shown that fairly 
high rates of combustion may be reached (20 to 30 
lbs. per sq. ft. of grate surface) without undue loss of 
economy, and even in some cases with actual gain 
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over the results of much lower rates of combustion 

under ordinary methods. 

The installation of these systems requires great 

care and an accurate knowledge of the conditions to 

secure the proper results. 
The action of a steam jet in the base of the funnel 

is to produce a defect of pressure in the uptake, thus 

giving a form of induced draft. ‘urning the exhaust 

of a non-condensing engine into the funnel produces 

the same result, and may be considered also as giving 

a form of induced draft. The latter arrangement is 

sometimes met with in tugs and other small craft, 

while the steam jet is much used throughout the 

whole range of tugs, yachts, launches, tenders and 

all forms of small craft. One of the special adyan- 

tages of the steam jet is its readiness for use as soon 

as a small head of steam is formed, and independent 

of the operation of the main engine. 

During the past few years there has been a great 

extension in the use of toreea draft in the mercantile 

marine, either the Howden or Ellis and Haves system 

being usually fitted, on account of the excellent 
showing in economy which they have made. 
Fork.—A rod made at one end into a Y or U shaped 

form. See under Hecentric Rod Fork, Fig. 52. 

Forked Connecting Rod.—A connecting rod formed 

into the U shape at the upper end. See under Con- 

necting Rod, Fig. 35. 
Foundation or Foundation-Plate.—A term having 

about the same meaning as Bed-Plate, which see 
The term foundation alone is also sometimes used in 

reference to the specially strengthened structure of 
the ship under certain parts of the machinery, as, for 
example, the main engine or the thrust bearing. The 
term seating is, however, more commonly used in re- 

ferring to this structure. 
Front-Connection.—In a return fire-tube boiler, the 

passage leading the gases from the front ends of the 
tubes to the base of the funnel. This passage is 
more generally known as the uptake, or, if a distinc- 
tion is to be made, the latter term refers to the pas- 
sage as a whole, while the term front-connection may 
pe used in particular reference to the lower part of 
this passage, or that part immediately in front of the 
boiler. See under Boiler, Fig. 6. 
Front-Connection Doors.—Doors swinging upward 

and occupying practically the entire front of the 
front-connection. Their purpose is to allow examina- 

tion of the front-tube sheet and tubes, and provide 
access to them for cleaning and repairs. 
Funnel; Smoke-Stack or Smoke-Pipe-—The passage 

through which the gases and smoke coming from the 

uptakes ‘are led to the outer air. In natural draft the 
use of the funnel is to provide a column of relatively 
hot gas. The draft pressure is then the difference 
in weight between a column of hot 
section one square inch and of height equal to that 
of the funnel above the grates, and the weight of a 
similar column of outside air. ‘The funnel is usually 
circular in section, and extends to a height of from 50 
to 80 or 100 feet above the furnace grates. Funnels 
usually made of double thickness, sheet steel, with an 
air space between, the better to prevent radiation 
and loss of heat, and a cooling of the gases before 
they have reached the top. Occasionally the funnels 
are of elliptical or oblong section, in order to oppose 
less air resistance to the motion of the ship. The 
cross-sectional aréa of the funnel should be from 1-7 
to 1-9 of the grate surface, or slightly less«than the 

cross-sectional area through the fire-tubes. 
Funnel Cover or Hood.—A cover placed over the 

top of the funnel when the ship is laid up for any 
length of time. 
Funnel Guys or Stays.—Guys or stays, usually of 

wire rope, for supporting the funnel in place. They 
run from the top or upper part of the funnel to the 
deck or rail of the ship. 
Furnace.—The part of the boiler which contains the 

burning coal, and from whence the hot gases pass to 
the tubes. See under Boiler. 
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RECENT PUBLICATIONS. 
THE S~tipE RuLE. By Charles N. Pickworth. D. Van 

Nostrand Co., New York. Fifth Edition. Size 5 
by 7 1-2. Pages 88. With illustrations. Linen 
covers. 

This is one of the clearest expositions of slide-rule 
practise within the reviewer’s ken, and should meet 
with a hearty welcome from students and practical 
workers. he language is unaffected and the ex- 
planations are concise and direct as well as lucid. 
The text is logically arranged; an explanation of 
the mechanical and mathematical principles of the 
slide rule precedes a description of the Mannheim rule 
and an explanation of its notation. This is followed 
by a table of conversion factors and instructions in 
the practical use of the slide rule, the latter including 
copious numerical examples. A short discussion of 
circular calculators of the watch (Boucher) and long- 
scale types and special rules for limited application 
completes the book. 

Lean’s Royal Navy list has completed the twenty- 
first year of its existence, during which time it 
has steadily grown in the confidence of those who 
seek accurate information in its pages. Tita S) 
issued quarterly, and the latest issue, now before 
us, is divided into chapters containing: Seniority 
list of all British naval and marine officers on 
the active and retired lists; lists of all the vessels 
of the British Navy, giving officers and station; lists 
of officers of the Royal Naval Reserve, and naval offi- 
cers at the shore staticns, and a complete record of 
war Services, rewards, ete., of officers on the active 
and retired lists of the Royal Navy and Royal Ma- 
rines. For those who require information on the sub- 
jects mentioned, this publication is indispensable. 
The publishers are Witherby & Co., 326 High Hol- 
born, London, W. C., and the selling price is 7s. 6d- 
per copy, or £1 7s. 6d. annually in advance. 

The prospectus for the twenty-fifth volume of the 
Proceedings of the U. S. Naval Institute contains a 
number of extremely interesting papers which will be 
published during the coming year. Among those 
treating of war subjects are: “Cable Cutting Opera- 
tions During the Spanish War,” by Capt. C. fF’. Good- 
rich, U. S. N.; ‘‘The Battle of Manila Bay,” by Lieut. 
C. A. Calkins, U. S. N., and ‘‘The Location of Cer- 
vera’s Fleet,” by Lieut. Victor Blue. No. I. of this 
volume contains much exceptionally interesting mat- 
ter coneerning the Spanish-American War. Copies 
can be ordered from the Secretary and Treasurer, U. 
S. Naval Institute, Annapolis, Md. Single copies are 
$1 each and the annual subscription for non-members 
is $3.50. 

Captain Henry A. Bourne. president of the Old Do- 
minion Steamship Co., died at his residence in Brook- 
lyn late in April, aged 70 years. He had followed 
the sea all his life, and at the close of the Civil War 
he entered the service of the Old Dominion Steam- 
ship Co. as Captain of the steamship Albemarle. He 
was thereafter master of various vessels owned by 
the company, and in 1876 was appointed general su- 
perintendent. Later he was made general manager, 
and then in succession he was elected vice-president 
and president of the company. Those who knew him 
best speak of him with admiration, and his reputation 
among those interested in marine affairs as a liberal, 
sympathetic and upright man was widespread. To 
his executive ability the splendid daily services of the 
company bear witness. The vacancy caused by his 
death has been filled by the unanimous action of the 
Hoard in the election of William L. Guillaudeu, for 
many years vice-president and general manager. 
This is a well earned honor, as Mr. Guillauden has 
been in the service of the company since boyhood. 
He has filled every position in the office of the com- 
pany where ability and a steadv attention to duty 
were demanded. and his final advancement is the 
capstene to an honcrable business career. 
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TRADE PUBLICATIONS. 

Users of fire hose whe have not been satisfied with 
the quality of the hose used will take a hint from a 
circular issued by the Bcston Belting Co., 256 Deyon- 
shire street, Boston, Mass. 

A new line of grate bars is just being offered and 
is illustrated in a circular issued by the manufactur- 
ers, Neenes Bros., Troy, N. Y. These are designed for 
either soft or hard coal. The type of the grate is 
illustrated in the circular. 

The Jennings combined steam separator, also re- 
ducing valves and other steam specialties, have a 
catalogue devoted to them, issued by Watson & Mc- 
Daniel Co., Philadelphia, Pa. Hach specialty is thor- 
oughly illustrated and described. 

Portable bellows forges is the subject matter of 
circular B, issued by the Crumlish Forge Co., Buffalo, 
N. Y. The portable forge is illustrated and a brief 
description given, together with a number of testimo- 
nials from shipbuilders and others. 

A neat folder which, when opened up showing a 
number of yachts sailing before a stiff breeze, illus- 
trating Lundell fan motors, is a souvenir for which all 
interested will wish to send for to the Sprague Hlec- 
trie Co., 20 Broad strect, New York. 

The Gumphert grate is a recent invention offered 
by the Gumphert-Marrin Engineering Co., 302 Chest- 
nut street, Philadelphia, Pa. It is a type of grate 
which has been much used in marine work, and sec- 
tional drawings and other engravings are given, show- 
ing the application. 

Centrifugal pumping machinery manufactured by 
the Kingsford Foundry & Machine Works, Oswego, 
N. Y., is described in » very neatly printed and illus- 
trated catalogue devoted to them. Besides a descrip- 
tion of the various types of pumps, there are price 
lists, speed and other tables which are of much in- 
terest. 

A new brand, “High Grade” yellow metal bolts, 
sheathing and plates, is offered by the U. T. Hunger- 
ford Brass & Copper Co., 121 Worth street, New 
York. Shipbuilders and others who are users of these 
specialties will find these circulars of much interest, 
especially as they give a list of many other brass and 
copper goods manufactured by this company. 

A large pamphlet has been issued by the Daimler 
Motor Co., Steinway, Long Island City, N. Y., giving 
many testimonials of the excellence of launches and 
engines manufactured by this company. These let- 
ters will be well worth perusal by any of our readers 
who contemplate purchasing an engine or launch, as 
the letters come from all parts of the country. 

The subject of graphite for lubricating gas engine 
eylinders, valves, pistons and other small or close- 
fitting bearings is well discussed in a four-page cir- 
cular issued by the Joseph Dixon Crucible Co., Jersey 
City, N. J. The subject is handled in such a manner 
that all who read the circular will wish to send for 
the larger pamphlet entitled “Graphite as a Lubri- 
eant.” 

Lundell fan motors are superbly illustrated in one 
of the the most handsome catalogues we have re- 
ceived, issued by the Sprague Electric Co., 20 Broad 
street, New York. It covers the subject very thor- 
oughly and the illustrations are exceptionally fine. 
Attention is also given to the small exhaust fans. 
Copies can be had by referring to MARINE ENGINEER- 
ING. 

The hydraulic steering engine and duplex steam 
pumps manufactured by the Queen City Engineering 
Co., Buffalo, N. Y., are illustrated and described in 
considerable detail in a pocket-size catalogue just 
issued. Other subjects referred to are boiler feed 
pumps, tank pumps, single-cylinder high pressure 
pumps, ete. Copies of the catalogue can be had from 
the company upon application. 
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Propeller wheels of the “perfected outward thrust” 
type, as designed and manufactured by A. Wells Cas 
& Son, Highland Park, Conn., have a very well- 
printed and thoroughly illustrated catalogue of nearly 
100 pages devoted to them. Many testimonials ere 
given; also many pictures of yachts and other vesscls. 
Copies of this catalogue can be had by any of cur 
readers by writing for them and mentioning MARINE 
ENGINEERING. 

A catalogue is sent free to all inquirers by the 
Boston & Lockport Block Co., 142 Commercial street, 
Boston, Mass., descriptive of this company’s blocks 
and other marine specialties. The catalogue is very 
complete, and each article is illustrated and accom- 
panied by full information. Any one who has need 
for specialties of this kind will find this catalogue 
particularly valuable for reference, especially for the 
large list of subjects it covers. 

Blue printing apparatus of all kinds is fully de- 
seribed in circulars and cards issued by the F. W. 
Emerson Mfg. Co., 27 Mortimer street, Rochester, 
N. Y. The latest card issued shows a large printing 
frame on a car for easy handling, and other special- 
ties. These cars and frames have recently been sup- 
plied in large numbers to the United States Govern- 
ment and to many prominent engineering concerns; 

also many large detail tables, of which this company 
makes a specialty. 
A circular from the Taunton Locomotive Mfg. Co. 

regarding the Wainwright appliances gives informa- 
tion regarding the opening of the New York office in 
the Singer Building, under the management of 
Charles H. Paine. The latest catalogue, H, is now 
ready, containing illustrations and full information 
regarding the Wainwright feed water heaters, surface 
condensers and expansion joints. Copies of this cata- 
logue can be had from the home office in Taunton, 
Mass., or from Mr. Paine. 
Electric fans made by the Diehl Mfg. Co., Eliza- 

bethport, N. J., have a very attractive catalogue de- 
voted to them. These fans include ceiling and col- 
umn fans, brackets, ventilating fans, ete., all of which 
are illustrated and kaye much descriptive matter 
devoted to them. This company has recently begun 
the manufacture of a direct connected electric plant, 

the general type of which is shown in the advertise- 
ment elsewhere. Fuller information can be had by 
applying to the company. 

Rolled steel floor plates for floors and steps in en- 
gine rooms are well illustrated and described in a 
catalogue issued by Taylor & Lewis, Lewis Building, 
Pittsburg, Pa. It is claimed in the catalogue for these 
plates that steel has advantages over cast iron in that 
it is much lighter and stronger and quite impossible 
to break under ordinary stress. Should it be bent it 
can be readily straightened. The subject is one that 
will interest many of our readers, and copies of the 
catalogue can be had upon application. 

Pipe Threading Machines.—Marine engineers and 
those in charge of machine and repair shops, whether 
ashore or afloat, will be interested in the catalogue re- 
cently published by the Merrell Mfg. Co., Toledo, 
Ohio, concerning their pipe threading and cutting ma- 
chines. In the advertisement, this company illus- 
trates its No. 5 portable hand machine. On this, 
power is applied by either crank or ratchet lever to 
the shaft of the pinion, which engages the geared 
wheel enclosing the dies. The gears are completely 
housed from dust and chips. These machines have 
the Standard adjustable quick opening and closing die 
head and improved cutting-off knife. The chasers 
are five in number on Nos. 5 and 6 machines and six 
on No. 9. They are set by graduation to any size de- 
sired, are released from threading while in motion, 
opened to permit the pipe to cut off and closed in- 
stantly and positively, one set being used to thread 
several sizes of pipe. These are only a few desirable 
features of this machine, which is described in full by 
eatalogue, copies of which can be had upon applica- 
tion by mentioning MARINE ENGINEERING. 
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Song of the Canalman. 

The battleship’s majestic bow, 

May plough the stormy main; 

The ocean greyhound’s iron prow ; AX 
May cleave the sea in twain; Fine yo Gear 

Yet I’d not give my little ship Mechanical J and Milling 

For any in the bay: Tools. p Cutters. 
Come to me in Coentie’s slip, SS 

Where lies the Maggie May. 

The Maggie May is long and lank, 

Her engine is a mule; 

I keep her gunnels close to bank,— 

Her rudder feels my rule. 

In summer, when the warm winds blow 

Across the new-mown hay, 

I sail to far off Buffalo 

Upon the Maggie May. 

But winter finds us here again, 

In old Coentie’s slin. 

My cabin is the snuggest den 

That e’er adorned a ship, 

With lockers full of meat and pie 

To nibble night and day; 

And ’near the bunk, a jug of rye— 

Long float the Maggie May. 

But I’ve been thinkin’ some of late, 

*Bout makin’ other plans; 

In fact I need a gaod first-mate 

To wield my pots and pans; 

To bake my bread—my salt-hoss fry; 

Who will not say me nay? F 112 Page ™ é N. Y. Office, 
If there be such, she may apply H Catalogue Free. ats hi 126 Liberty St. 

To me and Maggie May. “ 

—George A. Beckenbaugh. 

THE L. S. STARRETT CO., Box 99, Athol, Mass. 
AAA DAAAR ADA DASARI ADD ADA AAS 3 

REDUCING VALVES 
to control or reduce steam, 
water or air pressures. 

“MASON” 
Valves have had a world- 
wide reputation for years. 

BUSINESS NOTES. 

INCREASED F'ACILITIES.—The Frasse Co. has recently 
removed from 19 Warren street to 38 Cortlandt street, 
New York, in order to secure more facilities. This 
company carries a full line ot tools for machinists 
and engineers. 
MARINE GLASSES.—One of the largest stocks of 

marine glasses in the country is earried by the 
Spencer Optical Mfg. Co., 15 Maiden Lane, New York. | @ 
This company also has the sole agency for the Ande- : 

? 
© 

mair’s field and marine glasses. Circulars and in- 
formation regarding any of the goods handled by this 
company can be had upon application. 
THE SPEDDEN Co.—The Spedden Co., Baltimore, 

Md., is busier than at any time in its history. One 
of the latest reports stated that that there were six 

tugs and steamers at the yards. Besides this work THE MASON REGULATOR Al 
the company was recently awarded a contract for a “ © 
dispatch boat by the Government. and recently re- | @ BOSTON, MASS. 
ceived a COONS ( to coud wae S S. Bluefields. SSAA, 00000000000 09000000900 O00000 00 O00 

PNEUMATIC RIVETERS 
FOR STACK, TANK, AND ALL KINDS OF STRUCTURAL WORK. 
Made up to 7 ft. gap and will drive from 34 in. to 114 in. rivets. %& % % & 

Write for prices. 

$2000000000000eeeeeseeeeees 

SEND FOR 

CATALOGUE. 

CHICAGO, 

NEW YORK. 
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Graphite 
MARINE 

Lubrication 
There is no substance known so smooth or 

so enduring as Dixon’s Pure Flake Graphite. 

It is the best solid natural lubricant ever dis- 

covered. It is not affected by heat or cold, 

acids or alkalies. It is absolutely indispens- 

able to every marine, stationary or locomotive 

engineer. 

Largely increases the lubricating value of 
all oils or greases. 

Will cool bearings and stop ‘‘ groaning” or 

' squeaking when all other lubricants fail. 

It will pay you to send for Sample 

and Pamphlet. No charge. 

Joseph DIXON CRUCIBLE Co., Jersey City, N.J. 

GARLOCK PacKkines.—The Garlock Packing Co., Pal- 
myra, N. Y., commenced business in a small way, 
nearly a quarter of a century ago, with one fixed 
principle in view, namely, that all of its productions 
should be of a superior quality. Irom the fact that 
the business has doubled every year from the com- 
mencement, it is self-evident that the goods have met 
with favor among engineers. Their annual output 
now numbers many thousands of tons. 
BoILER ComMpounD.—The subject of keeping marine 

boilers free from incrustation and galvanic action has 
led to the establishment of a special department by 
the Dearborn Drug & Chemical Works, Rialto Build- 
ing, Chicago, Ill., under the charge of E. P, Gould, a 
well-known lake engineer. The subject has been car- 
ried out in detail in its application to steamboat ser- 
vice on the Great Lakes, but has only recently been 
extended to the salt water service. Circulars and 
other information regarding this new departure can 
be had upon application to Mr. Gould, care of the 
company. ; 
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CHANGE IN NAME-—Owing to a recent decision of 
the court the Lee-Penberthy Injector Co., Detroit, 
Mich., has dropped the name Penberthy, and will 
hereafter be known as the Lee Injector Mfg. Co., and 
the injectors will be sold as the Lee. 
FREE SAMPLES.—The seam composition for filling 

cracks and checks in masts, beams, rails, ete., manu- 
factured by Cole & Kuhls, foot of Twenty-fourth 
street, Brooklyn, N. Y., has been thoroughly tested on 
yachts and vessels for many years, and in order to 
increase its use the manufacturers offer to send free 
samples to anybody whe will write for them. 
Joy INvENtTIONS.—Messrs. David Joy, Son & Pryor 

have appointed Thorpe, Platt & Co., 97 Cedar street, 
New York, American agents for their assistant cylin- 
ders for valve gears, which have become so extensive- 
ly used. Among the ships recently fitted with this 
system is the Kasagi, built by the Cramp Co. for the 
Japanese navy. The uew agents will be prepared to 
give any information to inquirers regarding this 
specialty. 
Union STEAM Pumps.—A recent copy of the “Jour- 

nal,” Battie Creek, Mich., gives an interesting article 
regarding the development of the Union Steam Pump 
Co., showing the steady growth from a small estab- 
lishment to the large concern which now gives em- 
ployment to many mechanics. An addition has re- 
cently been built to the works increasing the shipping 
facilities and making the handling of heavy pumps 
much easier. The general type of this company’s 
pumps is shown in the advertisement elsewhere in 

this issue. 
NATIONAL PNEUMATIC Toors.—The pneumatic tool 

business has been especially brisk of late, particu- 
larly so with the National Pneumatic Tool Co., 18 
South Fifteenth street, Philadelphia, Pa. This com- 
pany recently succeeded to the business of the 
Haeseler Co., and its business the first month was 
four times that of the previous company in its best 
month. Besides orders from many large manufactur- 
ing establishments, ten tools were sold to the Atlan- 
tie Works, East Boston, Mass., and to other ship- 

building companies. 
EDUCATION BY  CORRESPONDENCE.—Attention is 

called to the announcement in this issue of the Amer- 
ican School of Correspondence, Boston, Mass. The 
school offers special advantages to readers of MARINE 
ENGINEERING to secure an education, enabling them 
to pass Government examinations. The object of the 
school is to give the busy man a thorough training in 
steam, electrical and mechanical engineering by mail. 
The steam engineering courses are carefully super- 
vised by experts and are in close touch with the de- 
velopments of the age. The instruction is carefully 
eraded, thoroughly practical and scientific, and is in- 
tended to give engineers a complete technical train- 
ing. The school is chartered by the Commonwealth 
of Massachusetts, and is strictly an educational insti- 
tution and not a money-making enterprise, therefore 
the tuition fee is placed within the reach of all wage- 
earners. Engineers will do well to write for a hand- 

book. 

WALWORTH MFG. CO.), 11.2 oxver sr., Boston, 
seciaty ot BRASS VALVES 

and Fittings for 

MARINE 
CONSTRUCTION 

Extra Heavy Valves, Vent Pipe and Fittings for High Pressure Work. 

SOLE MANUFACTURERS OF 

VAN STONE PIPE JOINT 
Which does not Weep under heavy pressure. 

SEND FOR CATALOGUE. Prices and Terms on Application. 
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A LARGE OrpER.—The William H. Horstmann Co., 
Philadelphia, Pa., has recently been awarded an order 
by the Army Quartermaster for 100,000 hats. It will 
be remembered that this company makes a specialty 
of uniforms, hats, flags, ete. ; 

CAPE Cop Forpinc ANncHoRS.—Yachtsmen will be 
interested in the Cape Cod folding anchor, which is 
being put on the market by Wilcox, Crittenden & Co., 
Middletown, Conn. Circulars and full information 
are issued by the company and can be had upon appli- 
eation. 

CHICAGO OFFICE OF THE C. & C. Co.—The new office 
of the C. & ©. Hlectrie Co. in Chicago will be at 828 
Monadnock Block, where Mr. E. Sanderson, the com- 
pany’s new manager, will be glad to welcome all the 
old friends and customers of the company. Mr. San- 
derson will look after all the territory tributary to 
Chicago. 
ELECTRICAL INSTRUMENTS.—Owing to the great de- 

mand for its various kinds of electrical instruments, 
of the Weston Electrical Instrument Co., Newark, N. 
J., has been obliged to build an entirely new factory 
at Waverly, N. J. This establishment when finished 
will be one of the most complete manufacturing 
plants in the country. 

Morse Iron WorkKs.—The U. S. transport Hooker, 
formerly the Spanish steamer Panama, which has 
been made a cable ship by the Government, was re- 
fitted at the Morse Iron Works, foot of Twenty-sixth 
street, Brooklyn, N. Y. She is now a first-class cable 
ship, and will be employed by the Government in 
laying cable at the Philippine Islands. 

A LARGE ORDER FOR BABBITT METAL.—Merchant & 
Co., Philadelphia, Pa., recently received an order tor 
a carload of their well-known babbitt metal. There 
has also been a large demand for this company’s well- 
known iridium anti-friction metal. This is a mixture 
which many of our readers interested in babbitt 
should write to this firm to inquire about. 

Indicator WorxK.—Eyerything necessary for indi- 
eator work is the special business of Richard Thomp- 
son & Co., 120 Liberty street, New York, who handle 
the Bachelder adjustable spring indicator and the 
Ideal reducing wheel. This company also sells the 
well-known Thompson grate bars and Thompson 
patent “soot sucker” boiler tube cleaner, which has 
been on the market for some years. Circulars regard- 

ing these specialties are issued by the company. 
A Fine Evecrric PLant.—The Bullock Electric 

Mfg. Co. moved into its plant at Norwood, a suburb 
of Cincinnati, in December, and at present, although 
the increased facilities have more than trebled the 
output, it has so much work ahead that the shops are 

now working night and day. When this firm had its 
factory in Cincinnati it was recognized as one of the 
large electrical establishments, but the new plant is 
believed to be, next to the General Electric Co. and 
the Westinghouse Mfg. Co., the largest electrical es- 
tablishment in America. No plant is better equipped 
for turning out work. All machine tools are driven 
with individual motors, and the entire absence of 
belts and shafts makes it a novel factory which is 
well worth a visitors time to inspect. 

over. 

Weston Standard Portable Direct Reading 
Voltmeter. 
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ZINC WHITE IN MARINE PAINTING. 
Within a few years after the discovery of the modern 

process for making zine white, the French naval author- 
ities, after severe tests, ordered its use to the exclusion 
of white lead on the interior of all vessels of the French 
navy. Experience has confirmed its superiority for 
painting structures exposed to sea-air and sea-water, 
and the French navy as well as the French steamship 
companies now universally employ it, while it is also 
the official base for painting lighthouses and Govern- 
ment work on the seashore. The French Marine au- 
thorities also use it for painting galvanized iron plates, 
the hulls of torpedo boats, the shells of metal pontoons, 
etc. 

That the French navy should have been earliest to 
adopt this practice is natural, since zinc white was first 
generally introduced in France. But the naval authori- 
ties of the United States, having made their own ex- 
periments with the same results, have adopted zinc 
white as the fixed component of all paints used either 
in the Navy or by the Lighthouse Establishment. The 
famous “White Squadron” obtained its color from zine 
white, and remained white because zinc does not 
change color. Ten tons of American zinc white is the 
cruising allotment for each ship, and it is used liberally 
and effectively. 

Similar testinrony is found in the U. S. Lighthouse 
specifications, which require, for white, a mixture of 
one-fourth lead and three-fourths zinc, and for tinted 
paints, American zinc white and yellow ochre, with no 
lead. “The colored paints are wanted for outside use 
and are required to withstand the bleaching effects of 
salt water and sunlight.” 

The durability of zinc white is due to its chemical 
stability and to the large proportion of oil it carries to 
the painted surface. No other white pigment ap- 
proaches it in this respect. It is the one white paint 
material that is capable of resisting salt water and salt 
air. Added to other materials it shields them and gives 
them durability. ; 

Apyvt. NEW JERSEY ZINC CO. 
eee 

THE WARREN STEERING GEAR.—This steering gear, 
which was formerly manufactured by the Marine 
Machine & Conveyor Co., will now be put on the mar- 
ket by F. C. Sayles, 2 capitalist of Pawtucket, R. L., 
who has bought out the company. It is understood 
that he will reorganize the company and increase the 
manufacturing facilities so that this steering gear 
may be given its proper place in the shipbuilding 
world. 

Hyprautic Toorts.—William H. Wood, Media, Pa., 
who makes a specialty of hydraulic tools, has re- 
cently filled several large orders, among them a rivet- 
ing plant for Thompson Kingsford, Oswego, N. Y., 
whose marine boilers are well known to our readers; 
a large hammer for the Navy Yard on Puget Sound; 
several large trayeling cranes for the Burlee Dry 
Dock Co., Port Richmond, N. Y., together with many 
other tools to concerns which build boilers and do 
other work, but which are not marine. 

STANDARD 
PORTABLE 

DIRECT READING 

VOLTMETERS, AMMETERS, MILLIVOLTMETERS, VOLTAMME- 
TERS, MILLIAMMETERS, OHMMETERS, PORTABLE 

GALVANOMETERS, GROUND DETECTORS 
AND CIRCUIT TESTERS. 

Our Portable Intruments are recognized as THE STANDARD the world 
Our VOLTIMETERS and ASIMETERS are unsurpassed in 

point of extreme accuracy and lowest consumption of energy. 

WESTON ELECTRICAL INSTRUMENT CO., 
114-120 William St., NEWARK, N. J.. U.S. A. 

* 
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HAVE YOU TRIED IT? 
| | | Many Engineers say it 

EUREKA! ORES H DJ times longer 
han any other, and keeps \ 

the rod in splendid ee If you use a flexible} 
PACKING, ttwill pay you 
to try EUREKA, 
sending out a tony photo on} 
S4#10 cardboard for One 2C, 
stamp. 

SEND FOR ONE. 

INDICATORS. Push yourself 
ahe-d by owning ore. We will} 
make price meet your views. 

SEND FOR CIRCULAR. 

Jas. L. Robertson & Sons, | 
218 Fulton St., NEW YORK. 

Branches: Boston, PHILADELPHIA. 

We are | 
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PARAGON BorLer.—We are informed by Capt. M. 
DePuy, 19 South street, New York, that he has closed 
an arrangement with the Marine Iron Works, Chi- 
cago, Ill., by which they have the shop rights to build 
the Paragon boiler for a term of five years. 

Bic ENTERPRISE IN HAVANA.—Krajewski, Pesant & 
Co., 32 Broadway, New York, and proprietors of the 
Erie Basin Iron Works in Brooklyn, are reported to 
have purchased a large amount of land across the bay 
from Havana and have engaged Andrew Gunderson 
to go to Havana as resident manager of the new 
plant. Mr. Gunderson will have the supervision of 
the construction of a floating dry dock with a metal 
sheathed bottom, 220 ft. long and 90 ft. wide on the 
floor. In addition to the dry dock, plans are drawn 
for a pier at Regia, 276 ft. long, which will be pushed 
rapidly to completion, where ships of large draught 
will be enabled to unload. Mr. Gunderson will also 
have charge of the construction of modern machine 
shops, boiler shops, electrical works and brass and 
iron foundries. 

Westinghouse 

Direct and 

Alternating 

Current Generators 

and Motors, 

Switchboards and 

Apparatus 

Westinghouse Electric 

& [lfig. Co., 

PITTSBURG, PA. 

And all Principal Cities in U. S. and 

Canada. 

Westinghouse Electric Co., Ltd., 

32 Victoria St., iLomdteni, S. W., England. 

Steam and Gas 

Engines, 

Mechanical Draft, 

Mechanical | 
Stokers, Beal 

Refrigerating and 

Ice Machinery 

Westinghouse Machine Co., 
MANUFACTLRERS 

Westinghouse, Church, 

Kerr & Co., 
ENGINEERS 

New York Pittsburg Philadelphia | 

Boston Detroit Chicago Buffalo | 

And all Fore’gn Countries 

The name WESTING HOUSE is a guarantee 

91-B 1-25-99 
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THe U. S. Meran PortisH.—This polish is a fluid 
which gives quick results, and which is particularly 
well adapted to outside work in cold weather as well 
as hot. It is manufactured by George W. Hoffman, 
295 Hast Washington street, Indianapolis, Ind., who 
will send circulars upon application. 

CONSOLIDATION OF PNEUMATIC INTERESTS.—The 
Pneumatie Supply & Equipment Co. has been organ- 
ized under the laws of the State of New York, and 
has opened an office at 120 Liberty street, New York. 
It is the purpose of this company to deal generally in 
compressed air equipment, and it will make a 
specialty of the installation of complete plants. Mr. 
J. W. Duntley, the president of the Chicago Pneu- 
matic Tool Co., is the president of the new company; 
Mr. HE. B. Gallaher, formerly with Messrs. Patterson, 
Gottfried & Hunter, is the vice-president and engineer, 
and Mr. W. P. Pressinger, formerly manager of the 
Clayton Air Compressor Works, is the secretary and 
treasurer. f 

SEARCH LicgHT ProgEcToRS.—The Carlisle & Finch 
Co., Cincinnati, manufacturers of electric search light 
projectors, report business as excellent. It has lately 
secured orders for several large projectors for the 
U. S. Navy, as well as a large number for use on the 
lakes, Pacific Ocean and Western rivers. The pro- 
jector made by this company will burn in any position 
and the arc is always maintained at the proper length, 
irrespective of friction of the mechanism or dirt on 
the moving parts. This company reports that its 
search lights are in use on all the Western rivers, and 
that some of the largest steamboat companies have 
adopted them exclusively. 

A SHIPBUILDING REcoRD.—The Harlan & Hollings- 
worth Company, Wiimington, Del., in the year 1898-9 
has exceeded in the amount of construction all pre- 
vious years. It has launched or contracted for 
nine coastwise steamers, one river steamer, one yacht, 
three ocean-going tugs and three torpedo boat de- 
stroyers, seventeen in all; steel steam yacht Niagara 
for Mr. Howard Gould, of New York City, triple ex- 
pansion surface condensing engines; thirty knot tor- 
pedo boat destroyer Stringham, for U. S. Govern- 
ment, two triple expipsion surface condensing en- 
gines, four Thornycroft boilers; steel sea-going pro- 
peller tug boat Gettysburg, for the Reading compary, 
one triple expansion engine; steel twin screw steamer 
Tennessee, for the Baltimcre Steam Packet Company; 
steel single screw freight steamer S. T. Morgan, for 
the Virginia-Carolina Chemical Company, Richmond, 
Va., triple expansion surface condensing engine; steel 
single screw sea-going tug Valley Forge, for the Read- 
ing Company, and exact duplicate of the Gettysburg; 
steel harbor tug Gem for the Standard Oil Company, 
of New York; steel single screw coastwise steamers 
Kershaw and Nantucket.for the Merchants and Min- 
ers Transportation Company, triple expansion surface 
condensing engines; two thirty-knot torpedo boat de- 
stroyers, Hopkins and Hull, two direct acting triple 
expansion engines, four Thornycroft boilers; two 
single screw freight and passenger steamers Ponce 
and San Juan, for the New York & Porto Rico S. S. 
Company, triple expansion surface condensing en- 
gines, Ellis & Haves induced draught; single screw 
freight and passenger steamer Maracaibo, for Messrs. 
Boulton, Bliss & Dallett, Red D Line, triple expan- 
sion surface condensing engine; single screw freight 
and passenger steamer known as Winsor Ship No. 4, 
for the Boston and Philadelphia S. S. Company, in- 
verted triple expansion engine; two freight steamers 
for the outside line between New York and Baltimore, 
for the New York and Baltimore Transportation Line, 
triple expansion engine. Congress, at last session, 
made a very large appropriation for widening the 
Christiana river and deepening it to a uniform depth 
of twenty-four feet at mean low water, and as there 
is a rise and fall of between six and seven feet in the 
tide at Wilmington, the Harlan & Hollingsworth Com- 
pany contemplate building a 600-ft. ways. 
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SPECIAL NOTICES. 
Announcements under this heading will be iuserted at the uniform 

LOECIOg thirty-three-and-a-third cents a line. Lines average ten words 
each. 

TRIPLE EXPANSION ENGINE FOR SALE. 

A fine new 4-cylinder triple expansion engine, cylinders 18.2614 
and two 27 lows x 18 stroke. Suitable for yacht. Can be bought 
cheap. ALFRED BOX & CO., Front and Poplar Sts., Philadelphia. 

COPPERSMITH FOREMAN SEEKS POSITION. 

Situation wanted as foreman in coppersmith work, by man of 
many years’ experience in government and merchant marine work. 

COPPERSMITH, care MARINE ENGINEERING, 
World Building, New York. 

BARGAIN IN STEAM YACHT, 

A fine yacht, 50 feet over all. Able seaboat, compound engine, 
water-tube boiler, quarter boats, awning, and everything complete ; 
for sale at agreat bargain. 

STEAM YACHT, care MARINE ENGINEERING, 
World Building, New York. 

A Technical 

School for 

Chartered by the 

Commonwealth of — 

Special 

Club Rates 

For June of Correspondence, 
On Application. Boston, Mass., U.S. A. 

SEPARATORS FOR WAR VESSELS.—The Harrison 
Safety Boiler Works, Germantown Junction, Phila- © 
delphia, Pa., have just supplied the U. S. Government 
three separators for the vessels captured from Spain 
during the war in Cuba. 

Scuoot or NAvicgaTion.—A school of navigation, © 
under the charge of R. M. Pugsley, 146 West Twenty- 
third street, New York, offers a course preparing can- 
didates to pass all the requirements of the U. S. Local 
Inspectors of Steam Vessels. - 

BEARING MrTAL.—We are informed by J. J. Ryan 
& Co., 68 West Monroe street, Chicago, Ill., that they 
had an experience with the bearing-crank pin-box on 
an engine which was continually running hot under 
heavy loads. This firm applied its well-known Nickel 
brand of babbitt metal where the trouble was ex- 
perienced, and no further trouble resulted. This firm 
has established a large trade with shipbuilders and 
builders of engines. 

BELKNAP ELECTRICAL SPECIALTIES.—Owing to the 
large demand for their various specialties, the Bel- 
knap Motor Co., Portland, Me., has opened an office 
at 9 Maiden Lane, New York, under the charge of A. 
W. Koenig, who will handle the Chapman yoltage 
regulator, electric controllers and direct connected 
electrie plants manufactured by this company. 
Among the specialties is a marine motor of the multi- 
polar type, such as is now in use on many Govern- 
ment vessels, and which is especially adapted to 
hoisting anchors, boats, sails, ete. 

Atco VApor LAUNCHES.—The Marine Vapor Engine 
Co., Jersey City, N. J., has never been busier than 
this spring. Among recent orders are a 21 ft. carvel 
launch with 3 horse power alco vapor engine, for C. 
H. Thompson, Brattleboro, Vt.; an 18 ft. yacht tender 
for schooner yacht Katrina. The gratings of this boat 
are American elm, and the engine is a 3 horse power 
aleo vapor. The company also has an order for a 26 
ft. launch for the U. S. Revenue Cutter Service, with 
awnings, storm cushions, pantasote cushions, and to” 
be equipped with a 5 horse power alco vapor engine. » 
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